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8. "TER 
Navigation 
eaching the WHore ART, 


In a way more Familiar, Eaſe, and Practical, 
Than hath been hitherto-done. 


SHEWING, 


The ProjeStion of the Plain Scale : the Sphere in Plaine: : 


Atrongolea Problems uſcful in Navigation : Traverſe Tables 3 
Right lin'd Triangles, Geometrically, by Tables of Sines, Tans * 
gents, Logarithms, and- by Gwnter's Ruler 3- applied to Plain 
and Mercator's Sailing. Illuſtrated by Sehevees on. Copper- _ 
Plates. How to make Obſervations at Sea or Shore. Sure =. 
eafie ways of Reckoning by Latitude, Longitude, and Meridional 
diftance ; With Tables for both ways ;of $ ailing ge The Longitude 
and Latitzde of principal Places. Tables for the Sung Place and 
Declination ; - Of the Longitudes, Latitndes, Declinations, Right 
Aſcenſions, ard Seaſons of ſome noted Stars: Spherical Triangles ; 
and their Uſe in Great Circle Sailing. The Uſe of the Globes, 
Azioneth Compaſs for Variation, And alſo of $ E 4-G U N- 


NERYT. 
| The Deſcription and Ule of a New Infirument,called Eneyelologium, 
or the Sliding Circles; which, with eaſe, reſolves all Queſtions of Propor- 


tion , Trigonometry , Arichmetick , Square and Cube Root , Gunnery, 
| Menluration, and Dyaliing. 


By MATTHEW NOK b 
Teacher of Mathematical © ? 
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£0RGE, Lord Baron 
General of. His Majeſties Or 
Maſter of the Horſe 
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| \HE enfuing Papers hum-, + . 
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A tureupon the Publickun= 7% 
der your Illuſtrious Name. They - 3 
| aredefigned for one of the Nobleſt” ,. ® 
Uſes that .can concern this Ifland,, =. ; 
and ( not rudely to approach your 7 
Lordſhip with an Obvious Or Une p | * 
0 {tudied Offerin o | they are theRe- 
| Ault of a long Theory and Experi- © 
| -- ence, derivd to me by Traduction, = 
__ anearly Education, and other Im=  =# 
reſhons very powerful and inde= _ =# 

. lible. I have hopes to beaccepted *® 
in 
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$M who any wa 
1 Intereſt, and * 0) LC 
able Country the Ocean. A 


itle a 


 propitious 


Intereſt, m V 
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your Honourable Self has profec 
made. good, under - 

and Braveſt Admiral, with fingu 
wn.. And yaur Goodn 


d Conduct, and: bot! 
IL cont] ICUOUS ; I crave the 
t of its Influence and Favour, 


*%. 
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and above all, the great Honour of 
being, 


The Maſter, Wardens, and Aſſiſtants 


- Science wherein the Safety, the Wealth and Glory 
- of the Engliſh Nation 


the inſtitution of young Sea-men , but have en- 


| be learned, becauſe fo eafie tobe underſtood. = - 3 


To the eRiphe Hhidourable” 


B on a ſubje&& of fo great benefiet tothe 
d - upon that very confi deration, I entertain 


QF: THE... 
4 rinity-bouſe « of Depford-$ rand, 
- Publick as this I Treat of, may expect # 
favourable Reception from the World ; 
not: my Reader; with nice and uſeleſs Speculations, 
but have endeavourd to promote and advance a 


1 15 fo much concern'd. - Fhe 
Art I anderithe to Teach, Tam intieuled unto FIN. -.- 
it were) Hareditario Fare, as being derived'to me 
from my Father, who early inſtructed me herein, 
and whole Abihties to perform it, are too well 
known to be doubted of; and which by many years 
experience in Navigation, I have labour'd to make 
perfe&, I do not onely lay down Theorems for 


deavourd at once, both to inſtruct and demon- 
ſtrate; and thereby made Navigation more eaſſe'to; 


That I. have inſcribed your Names to it, is for 
that you being the ableſt Miaibirs i in this Axt, - are- - 
the. 


The ville Dedicatry;. 


 the.moſt capable Judges; and if my Performance 

herein may have your Approbation, and your Al- 
lowance, give it an Imprimatur; I ſhall be the leſs 

concern'd for the malignant Cenſures of -the En- 

| vious or the Jgnorant, who either begrudge others 
.of the juſt Commendation due totheir Induſtry, or 
elſe condemri what they do not underſtand. 

T have in this Treatiſe added ſome things new, 
(-beſides the Method I have explained in this part 
of the Mathematicks ) the uſefulneſs whereof, and 
what-further Improvements may be made therein, 
you will perceive in. the.perulal. Tam now grown 
orey in. the many Experiences T have had in' this 
Art,.and not ſo capable forthe toils and Jabours & 
Travel, and Navigation. | 

May I, by your favourable Tnfluence and Re- 
mendazon. be directed into ſome ſafe and quiet 

Harbour, wherein I may {pend the refidue of my 
days 3 in promoting this uſeful Art, to. which I have 
devoted a great part of the Studies of my former 

life; it is all that I have to defire in this World : 
_ and this I the rather do, that I may, be in a Capa- 


city to ſerve my Country, and lay hold on all 
occaſions to demonſtrate how much I am, 


SIRS, 


Your nroſt bunible and obedient Servant, 
_ aud Tounger Brother, 


Mar. Norwood: 


/ 


ie Pretace. 


Ince Cuſtom ſo much prevails with moſt men , it may be” 
expefled I ſhould ſay ſomething of this Treatiſe, and of 
my ſelf, why I undertook it. To the firſt, I think fit to © 

} grove my Reader this account : That beſides the defeft 
ſufficient demonſtrations in the ſeveral Books already 
extant on this ſubjet, I found many Materials, neceſſary to. a 
praftical Navigator, wanting ; therefore to ſupply thoſe defefts, 
and make the whole Art more inteligzble, T-adventured this 
Syſtem. abroad. If at its firſt appearing in the World it re- 
ceive not that eſteem which ſome other Writers pretend to; yet I 
am perſwaded, by experience "twill be found much more uſeful, 
and. that its evidence will give its own commendation. T have © 
. here incerted nothing but from my own Praftice and longsExpe- * 
riewce, and whereon you may with ſafety depend; and in all 
difficulty, I have given the moſt natural Reaſon for demonſtra- 
tion of every Rule ; which is the chief and onely thing that hath - 
been ſo much wanting in our late Books of Navigation. M long 
Praftice, and Converſation with Marriners,” bath diſpoſed me to © 
a Stile and Language more familiar and beſt known to them, 
which may render me the more capable. to inſtrutt them. 

The reaſon which engaged me in this Work was, for that 1 ob- 
ſerved ſome Books of this nature had paſſed divers Impreſſions, 
which for the greateſt part were colletted from other mens Works, 
but more eſpecially from my Father's, Mr. Richard Norwood, 
whoſe Skill in Mathematital Learning 1s ſo well known, that: 3s © 
needs not my commendation ; yet I think my ſelf by Nature obli- 
ged to reſcue his Reputation from the difingenious attempts of. 
thoſe that printed his Triangles and Sea»mans Pradice, ſo de- 
feitive and different from the Original ; where ſome whole Sheets-- 
are omitted, and others altered, under pretence of rendring them 
better ; which thoſe who well underſtand it, do judge their Books 
to be ten times worſe. There's wo doubt, but Covetonſneſs and Iy- 

norance 
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worance too wuch prevailed on the Perſons concerned in thoſe Co 
pies; which in the end-7 believe will prove.their diſadvantage. 
It's ſometimes the fate of ingeniousmen, toþave their Reputations 
ſullied, after rey are dead, by ignorant or inconfiderate men, who 
wvainly endeavour to advance themſebves upon their fileut Graves. 
How ſtrange and anbecoming was it, in a man of Art and Leayn- 
ing, and he but a Corredtor too of Mr. Sturmies Book, to mingle ſo 
.much -Dirt with bis Aſhes ! What Conſiderations could moxe 
ſtrongly incite a generous and learned man, either to have covered 
the Indecencies of that Author, or obliged the Worldwith a more 
_ accurate and compleat Body f Navigation of his own ® T am ve- 
ty prone to believe, thoſe who manage themſelves no better on 
There, never had much experience of their own Books, Drafts, and 
| falendars at Sea. And there are ſome, who bluſh not to tell us 
#n- print, of the general Approbation their Books bave obtained, 
from men whoſe Knowledge and Experience is nit inferiour to 
any Navigators in the WHOLE WORLD: a Plouriſh that 
. exceeds alle Compariſen, and too great for my belief, without bet- 
 _*- er evidence than that Author's bare word. It may be much 
'- . doubted; how anable Mathematition, not bread a Marriner, ſhoald 
be fo great a Fudge of the prattical part of Navigation : Methinks 
the Ingenuity of honeſt Mr. Philips (a Perſon not inferiour to. our 
late Faber) is much more eligible; who in the cloſe of a late E- 
piftle in his Advancement to Navigation, doth medeſtly confeſs, 
That many of his Concluſions are propoſed for 'Tryal and 
' Approbation : whichWork, though it be new, . yet it's bis own; 
| and may perhaps prove more oeful than ſome others under a 
_ greater Conntenance and Charafter. MN 
. AP T ſhall further adde 1, that T have made the Principles 
of this Art more plain than any Syſtem of Navigation 7haue yet 
 feen:;" by a'more elaborate and evident nation and with 
fuch variety of Examples, as may beſt illuſtrate the truth of every 
_ Propoſition, tothe underſtanding of the Learner.; wherein you will 
_ find'the more abſtruſrve and difficult matters of this Art, are ac- 
commodated to the meaneſt Capacity : as, the explanations of the 
. -. general Axioms of Spherital 7 7 


riang/es,Gunter's Ruler (or Lines) 


| et, applied 


oo The PREFACE. 
applied. to Plain and Nercator's Saving, tc. nd to reweer thi 
ew more compleat, I have' added fo: murhiof Square' aud Cube 
Root, and Gnamery, as neceſſary” for an ordfinary' Navizator, or 
Sea-Gununer. TR | 
# have alſo. annexed a new Inftrumeat caſed Encyclologi- 
um, or. the Shding: Circles, . which. warÞ: the” greateſt eaſe 3- 
magenable:,' reſolves all Queſtions in Trigononetry, Square ant 
Cube: Root,  Arithmetick, Gunnery; Meyfuration, Ganging, Proc 
K's near twenty years fmce Fwrit the' Sea-rwinsCompanion, - 
while I'was young, and capable of ferving my King and'C owntry in 
no better ſtatiou';" and- had nothoghtsof appearing: aguin in print. 
In my tender years I was defigned to the ſtudies of a more quiet 
Employment, but the knowledge T acquired (by my Father's inſtru. 
Aion) m the Mathematicks; and the natural delight I took in Na- 
vigation, engaged me in that way of Livelihood; and before 1 was 
twenty years old, became Maſter of a very good Ship, wherein I 
continued until I was commanded to go Malters Mate of the Sa- + 
phire, where Iſpent ſome years in the Service againſt the Turks ; 
that.War being over, I had the Command of a Merchant-man for 
ſome time, until the beginning of the-firſt Dutch War ; when T ac- 
cepted 'a Commiſſion from his preſent Majeſty, for a Lieutenants 
' place in the York Frigot, under the Command of Capt. Swanly ; 
aud from thence 1 was removed to the Command of a Prize of forty 
four Guns. Jn the Command of this Man of War, I continued for 
ſome time ; and afterwards ſerved his Majeſty in the York : but 
being much importun'd by ſome Gentlemen, Merchants of T.on- 
don, 7 was pecſwaded by them to undertake dijjicult and hazar- 
dous Voyages :. wherein, as it pleaſed God to bleſs me with great 
ſucceſs, to the more than ordinary advantage of my Employers, 
( having performed two Voyages, both ineight months, and there- 
' in returned with twenty four Whales, which ſold.for 58090]. ) 
ſo alſo in theſe Vudertakings , I have bad the Oportunities of + 
making very uſeful Obſervations, to my great advantage, and ex- 


perience in the pratlical part of Navigation. 
| [4-1 This 


_ 


ww, 


The PREFACE | 
This was au Adventure to the Welt Ice for Fiſh, wherein I 
faw no Land until my return. And in this dangerous Service, I 
was the firſt Engliſh-man, that ever made the Attempt. 

 T thought it not. amiſs to give thu account of my ſelf : And 
therefore if any follow the Garb of the invidious Critick, to cen- 
ſure this Digreſſion, and call it by an ugly hard-name, ( if that be 
all) P11 forgive them, Knowing I am not without faults : for I 
doubt not, but herein will be found ſome ſmall Omiſſions, that may 
not direly relate ts this Subjeft : and for ſuch I ſhall beg no 
Excuſe ; Jar for what's well or ill done herein, I willingly ſubmit 
it to any fair aud competent Fudge , wiſhing a Bleſſing upon all - 
our honeſt Undertakings, 1 the unfeigned deſire of | 


Your faithful Friend, 


M. N. 
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The Author's Habitation being above an hundred miles from London, theſe 
Faults have eſcaped the Preſs , which are placed bere in this method, that 
they may be ( with more eaſe) correffed with your Peg, 
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145 2 fifth Fiſh © [358 loft Firſt of Aj#il Tenth of April * © 
I 54 27 1200 reſolyand . 137916 As the Roor As the Cube Root 
162130 G 2 379 18 S015 the Root So 15 the Cube 
1697 9A _ AC oh Root 
17 16 including included 1280 7 diviſion oun. diviſion 1s ounces 
182 429 90 deg. 280 25 Caſe Queſtion 
16013CB CB1z7 1384 19 Sulphur Sulphur or 
ior 23 then the ſideBC1 17 leag. = | 
194 in the Triangle drawa line fromAtoB 


| 


| In page 31o, the three [aſt lines are thus to be read : 
This AI 31 deg. 46' being ſubſtratted from A G. 99 deg. 1o' ( the Syns diſtance 
from the North Pole) there remains.67 deg. 24' for I G. 
Hypothinuſe, and ſome literal Miſtakes, and Miſ-pointings, muſt be excuſed. 


Advertiſement. 


\ Heſe and all other Mathematical Inſtruments for Sea or 
Land, with Maps, Globes, Sea-Plats, Carpenters Rules, 
Compaſſes of all ſorts, Poſt and. Pocket Sun-Dyals for any La+ 
titude ; are moſt exailly. made, and ſold by Mr.Walter Hayes 
at the Croſs-Daggers i» Moor-fields, nx? door to the Popes: 
Head Tavern, in London. 


Mathematical and. Sea Inſtrumentsare alſo wade by Mr. Ate 
ſelm Jenner 7 Briſtol, | 


CHAP. TE —» 
Geometrical Principles. 
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| PROBL. |]. 
How to raiſe a Perpendicular from the middle of a Line given. 


Perpendicular ;is a Line drawn ſo directly from another 
Line, that it neither leans or inclines one way or other, 
but is upright 3 fo that where it toucheth the other, it 

oz makes two Right Angles ( as at O ) namely, EOB 
equal to EQA. It is raiſed thus : Fix one foot of your Compaſſes at 
either end of the'given Line as at A and B, and with the other,extended to 
above.half the length of the ſame Line, deſcribe an Arch over the middle 
| Of it, as'G C, then carry:that. diſtance tothe'other end cf the given Line, 
and croſs that with another D D,interſeEing in E ; from the place of their 
| Interſe@ion or cutting one: another, .draw the Line OE to the middle of 
| the given Line, and-it will be:a true Perpendicular. 


we 


PROBL. I]. 
. Todivide a Line into two equal parts by a Perpendicular. 


Fig. II. [ Et the given Line be AB, and let it be requircd to divide it 

| ' > ©-£ into'two equalipartsby a Perpendicular: "Open'the Com- 

paſſes to-any* convenient diſtante,-aboye tialt the length'df the given Line, 
6! | B | | 


354k | as 


” n # 


i. AY 


FI of GEOMETRT. 
" here from A to-E, and D, and with that diſtance, fixing the Compaſſcs 

any end of the Line, as at A deſcribe the Arches D and E above and 
defines z then carry the ſame diſtance to the other end of the given Line B, 
and croſs thoſe Arches by the Arches C and F ; and fromthe points of 


their interſe&ion O and O, drawthe Line O Oand i it will cut the Li Linein.. 
the middle in S, and isa Perpendicular. | 


P _ B Ls HIT 
To raiſe a Peryendicular from the end of a Line given. | 


He Line given is AB: Now i it is required to raifc'a Per- 
Fig. Hl. T atear'od. from the end of that Line ( kt itbe from B. ) 
Open your Compatics to any conyenient diſtance, and fixing one foot in 
B, deſcribe the Arch LC'S, That done, from L ſet-the the femi-dia- 
meter of that Arch eo C, and from thence deſcribe the Arch V V- ( above) 
then ſet your diſtance from C to S, and croſs that Arch with the Arch 
RR and from their interſeFion at O, draw the Line OB to the end-of . 
the given Line at B, and it 15a. Perpendicular. 


PROBL. IV. 
Tb perform the-ſame another way. _ 


-. -Fig. IV. TT often falls out, thata Perpendieular-is to be ta\ſed fonear 

| the edge of a Board or other thing, that there may not be 

rcom to raiſe it the way before-mentioned, and-therefore *tis requilite to 
"= know ſome other way... Let AB bc the given Line, fromthe cnd of 
' which I would raiſe a Perpendicular : your Compaſſes to any cone» 

v2 venient diſtance, and from the end of the Line; as at B, deſcribe the Arch 
. CD; then from C ſet your Compaſſes ( with that diſtance ) to D, and 
deſcribe the Arch EF G; and ſet the ſame diftance from C three times 
upon that Arch, at E FG, and from G-draw the Line G B, and it is a 


Perpendicular from the end of the given Live, 


-£ RO B L. V. þ | 
To let fall a Perpendicular froma Point above, to a Line given. 


Fig. VA 


Dmit J would let fall a Perpendicular from the Point O, to 
the Line AB: ; from the aifigned Point O, draw a ro 
p x6 


Of GEOMETRY. 3 


-plcaſure to the given Line, fo as it may be acute or inclining, not near a 
Perpendicular, as the Line OA is3 that Line divide into two equal parts, ' 
s at R, and upon R ( asa Center ) deſcribe the Arch ON, and where 
it cuts'the given Line ( which is atN, ) let fall the Line ON, and it is 
a Perpendicular to the given Line, which was required. pt 


PADOBL VI © | 
To'draw a Line parallel to a Line given. 


Fig. VIE. Et the Line-given|be A. B; parallel to which 1 would draw 
. S +. . K.7anotherLine:.'(Note, A-Line parallel to another Line, is'a 
Line that runs {o direRtly as another Line doth) that if they were both 
continued out infinitely,. they-would never meet, or come nearer, but con- 
tinueatthe' ſame. diſtance-from-one another :)- therefore open your Com- 
paſſes-to-the diſtance you are minded.to ſet them aſunder, and go towards 
one end-of' the given Line, as-at O, and deſcribean Arch C'G 3 carty the 
ſame: towards the other end, as at O, and deſcribe an Arch, as D'D 3 and 
by the tops of thoſs Arches'draw a Line, and-it will be: parallel to the 


given Line, 


- 


—_ _ PROBL. VII 
To draw a Line parallel to a Line given;from-any Point afſighed,over 
the given Line, 


: He Line given is'A, the Point affigned is ©: Take the. 
Fig. VIE \ nearel} Ate nw ig Line, ſweeping it, 
and carry: it towards the other .cnd of the. given Line, and deſcribe an 
Arch 'C C, ther! draw a_-Line by.the top'of that Arch, from the'Poine a(- 
figned, and it (hall be'a paralle}Line to the given Line A, as was defired. 


PROBL. VIII. 


Toadraw a Live: parallel to a Line'gjven,from any Point afigned,not 
over the Line, | 


Fjo. VIII, F. Ec thie Line-given-be'A/B, the Point affigned ©, and 
_ Y L would\draw aLine'from thence, parallel'to the given 
| Line AB. Take the diſtance from the end of the given Line at A, to the 
| aligned Point ©, andearry it to _—_— end of the given Line, at B, 
2 and, 
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' and deſcribe an Arch CC; then take the length of the given Line A B,and 
ſet one foot of your Compaſſes in ©, and with the fo croſs that Arch 
CC, and by the point of their intcrſetion at S, draw-a Line. from the 
given Point,as O'S, and that Line ſhall be parallel to the given Line AB. 


PROBL. IX. | 
To make an Angle equal to au Angle given. 


F1o, I'V. N Angle is made by the interſeQion of two Lines croſ- 
: IA A ſing ; anche,” an rice Datig dire&ly joyned, as the 
two Lines CA and RA do croſs each/'other-in the Point Az and fo A is 
the. angular Point, and the quantity of that Angle is the Arch of the Cir- 
cle C B, deſcribed upon the'angular Point A.----Now to make another 
Angle equal thereunto, as the: Angle'at D. Firſt draw a right Line DE, it 
matters not of what length ( for the length of the Lines do not increaſe 
the Angles quantity at all, but the Arch-of the Cixcle comprehended be- 
tween the Lines 3) then on the angular Point given A'( with'your Com- 
paſſes opened to any convenient diſtance ' deſcribe the'Arch B C 3 your 
Compaſles open to the ſame diſtance, ſet one foot of them in the Point D, 
and with the other deſcribe the Arch EF; then with your Compaſſes 
take the diſtance betweeh Band C, and ſet the ſame upon the other Arch 
from E to F, and draw theLine D F ; So [hall the Angle at D be equal to 
the Angle at A, which was required, 7. 5 0k UP ns LO 
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PROBL.: X. 


Three Right Lines being given ( of which the two ſhorter together 
muſt be longer than the longeſt ) to make a Triangle whoſe tides 
© © ſhall be equal to thoſe three gruen Right Lines... (© 


Fig. *. Br the three Lines given be C, D, and E.. Firſt, take the 

Line C in your Compaſſes, and make the Line F G equal 
thereunto. Secondly, Take the Line D in your Compaſſes, and ſetting 
one foot in G, with the other deſcribe the Arch H H. Thirdly, Take the 
Line E in your Compaſſes, and (ctting one foot in F, with the other de- 
(cribe the Arch S S, croffing the former ,Arch in K. Lafily, Draw the 
Lines GK and F K, and they ſhall conſtitute the Triangle G KF, whoſe 
lides are equal to the three given Lines, as was required, *.. 


 PROBL 


0f-GEOMETRY. 


PROBL, XI. 
© Zlaw'to make a Geometrical Square, whoſe four-ſides ſhall be equal 
.\fo agiven Right Line. Ky 


A Geometrical Square is a Figure whoſe four ſides are all equal, and whoſe 
Angles are all Right Angſes. 


> FIRd, Et the given Line be S; take the length thereof, and 
Fig. XI. | Ef poor eb Line T'V. equal to it : that on the end T 
-( by the third or fourth Problem before ) ere& the Perpendicular T-X e- 
qual alſo.to the: given Line S;. then ſet one foot 'of your Compaſſes in X,. 
and with the other deſcribe the Arch P'P 3 alſo ſet one foot in V.and with . 
the other deſcribe the Arch 'RR, croflingsthe former Arch in.K. Laſtly, 
draw .the Lines V-K and X K;:and you (hall have! conſtituted a Geo- 
metrical Square whole: lides ſhall be equal to the given Line S, as was re- . 
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To find the Center of a Triangle, or of any three Pricks grven, pro« 
vided they be not in a'ſtreight Line. © © 


Ny three Points which lie not in a freight Line, they will 
110, . Y wW Ee no a iITCLent LING, CY 

F - Xl A © be three Angles of a Triangle 3 (> fete: let the three 
Points. given be AB C.. For-the-doing this,-'divide any two of the fides 
of the 'Triangle into two equal parts, -by'two Perpendiculars, as you are - 
taught in the ſecond Problem before-going 3 and where them perpendicu- 
lar Lines jinterſe& one another,. there is.the-Center of the Triangle, as ]. 
here the Perpendicular Line dividing CB is D D, and that dividing . 
the lide A CisEE'; Now theſe) interſe& each other.in O, which | 
Sides enter required. The like is to be underſtood in finding the 
Center of a Circle: the three corners of the Triangle may be three pricks - 
in the Circle, and then proceed as here you have done. But by this you _ 
may ſee, that a Line that gocth from one fide of a Circle to the other - 
( drawn at pleaſure ) if that Line be divided into two equal parts by a 
Perpendicular, the perpendicular Line will go through the Center, and . 
thereforetis but continuing it out from one fide of the Circle to the other, 
and the half of that Line which is ſo contained, is the ſemi-diameter of - 
the Circle, as half LL is from O the. Center. 
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'Two-Paints:-within: 4 Circle being given, how to find he Center of | 
- the Arch of a Great Circle, which ſhall. paſs through: thoſe. two 


-gzvenPoints. 


Pio, T, A Great Circle upon the Sphere, is ſuch a Circle as divideth 
Fig XIII A. the Sphere = two Wn oF 3 and ſo, the Arch of # 
Great: Girelt deſcribed: upon. a Plain, .is/ſuch an Arch as dividert the. cir- 
cumference:of the: primitive: Circle given, into-twaequal-patts— | 
To; perform this. - Let GBHD: be the Primitive: Circle, whole:center is 
'. CG, andilet; the two given Points within the ſame;. be: Xand:Y. Firſt, 
through: one of the given Points ( as'X.) and the-center'of the Circle C, 
 drawthe Line.X C, extending -it towards F : Upon this:Line fromthe 
. center C,. exeQrthe-Perpendicular CB, and. draw the:Line B X; catting 
Ns the given: Circle in G, through which: Point G andthe center, draw'the 
iLine G CH: "Then,through the Points B and H draw a Line,extendingje 
till it cat the LineXF in R; ſo.you have found a third Point,namely R, 
.. through which the Arch of the Great Circle muſt paſs: And now, haying 
_. three Points, .X, Y and R; you-may through them ( by the laſt Problem ) 
.be at K, and whoſe Arch will divide the Primitive Cizclegiven,\. into-two 
. qual parts,.in the Points Aand ll —{— 


Theſe twa laſt-Problenss. are: of -fingtalar ſein -Projedtiug of the Sphere in 
Plain, by, Cireu}ar: Lines, and in meaſuring of th Sides. and: Angles of 
-Spherical-Triaugles upon-that Projetion:: -Of mbichin this Traatiſe we 
;ſhall. bereafter treat-in. dye,-place. Az: alſa-inGreat: Circle Sailing, and 
iProblems.in nate rag 110 TOeTE - 


'The:End of the Geometrical Problems, 
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CHAP. II: 
Of the ProjeStion of the Mariners Sez-Com pals. - 


"He Compaſs confifts of thirty two Points, and fo is no- 
thing elſe but a Circle divided into-thirty two <qual 
parts, Now for the doing of it, upon one center de- 

ſebe tive GCirckes as youlſce-in the Figure following 1 z that done; draw a 
Line through the center, and it divides them all: into two equal parts or © 
Hemelpheres: ; then divide that into two equal parts by a Perpendicular, 
(from the outer Circle ) and fo the Circlesare all divided into four equal + 
parts, by the Lines W E-and SN, which Lines ſhall repreſent the Points - 
of North, South, Eaſt, and Weſt : this done, divide hk four, each into 
two parts, ad draw (from the center) thoſe divifions: from the outer © 
Circle to the inner Circle of all, then is the whole Circles divided into -- * 
cight parts. - 

Then divide thoſe into two: equal parts, and draw the Points from the” 
outer Circle to the innermoſt ( as you did the laſt): and make the Points, - 
obſerving; to'make-the: North Point a whole point, and fo {ucceſhvely ; 
The reſt of the Points will be ( every other ) a whole point 3 and your - 
Cumpals now is in faxteen Points. 

. Laſtly, divide thele into two equal parts; and draw them from the out- ' 
ward Gircle-to the innermoſt 'of the greateſt Gircles z and thus you have 
your Compals divided into thirty two Points: if you willdividet the parts 
again, it makes the half points, and is drawn'to the third Circle 3 that di-+ 
vided, makes the quarters, draw them tothe ſecond Circle, and your Come -- 
pals is finiſhed, as is fignificd in Fig, I. following, - 


_ CHAP. LIE 
The Projetion of the Mariners Plain Scat. 


Fig. LT His Scale is made thus; Deſcribe a Semicircle upon the 
: — Line AB, and divide it into two <qual- pants by —_ 
9» 


Of the Mariners Plain Scale.” 
. CO; that done, divide one of them Quadrants into 90 degrees,and the 
other into_.cight. points of the. Compaſs. 3... that.to.be divided into 90 deg. 
muſt be firſt divided into three equal parts, arid every one of them into 
three equal parts, ( that is ninc,in all ), and draw them to the third Cir- 
cle inward, which will repreſent-9o deg. arid ſo. muſt be every one of them 
divided into ten <qual-parts 3 -but *tis belt to divide them into two parts 
firſt for the fifths, and prick them, and then into fiveeach, in all 90. | 
That to be divided into points of the Compaſs, is done as the Marines 
Compals is: Now having'a:Sca\e:of : Wood. before. you gaged*(ias the 
Lines-on' the 'Scale on the Figure take: off Bao and ſet it from R upon 
_ the Scale, then'take off.B 20 and ſet it tromR., and fo;along Wl you come 
to 90 degrees:3' then take off every fifth degree in like manner, and divide 
them fifths, as you ſee in the Scale, ſo that every of the:great diviſions may 
contain ten of them: fo likewiſe take off the points of: the Compals and 
divide them into halves and quarters. Now. this is. called the Line of 
Chords, becauſe *cis taken like. the firing ofa. Bow! or Arch,] as:BD: is:the- 
String or Chord & 60 deg. and-ſo of the poitits. AF, is the Chord, of '7 
points 3 and fo of the reſt, BS is the tangent of the Arch-BR. BY 
The ſigne of any Arch. is a Line let down from the place appointed in - 
the Quadrent or Arch, to the Line that goeth through the Center perpen- 
diculatly, as DE is the-figne of 60:deg. and ſo is taken off {weeping that 
Line;  Aﬀeer that manner! take off 10, :and then, 20, and ſo-to 90 deg. 
and ſet them-'upon'your: Scale, dividing;them as far :as you: can-into. ten 
parts, and that will be.a Line of. Sines. + | | jo hi ons be Yn at 


# 
« 


There fhould be a Scale of equal parts, but that's what. you will: com- 
monly-6 of them are equal'to 60 degrees-of the ' Line of Ghords, and 
fogo forwards with them the whole length. of the Scale, onely;the firſt e- 
qual-part you mult-divide. into:teri equal parts, that ſo when. the. greater. 
parts be counted ten, the ſmall:ones will be. ( each;)-/one.5 on:It the great 
ones be one hundred (each): the ſmall ones will be- (each): ten 3/08 if the 
great ones be one, the little ones 'will'be (each) one tenth of a, Unite : 
You may figure the great diviſions 10, 20, and fo along as far as they 
For ſailing by Mercator's (or the true Sea) Chart, it were neceſſary that 

you have a Scale which will ſhew you how many Miles will inake a degree | 
of Longitude in any Latitude 3: and. there is'a Line called a Line of Longi- 
tudes, which is commonly put upon Mariners Plain. Scales The manner 
how to'projed& the ſame Line from this Scheme-Fig} HI. is thus :- 

Divide the ſemi-diameter of the Circle C O into ſix equal parts in the 
 pdints'G HI Kand'L; and through: thoſe points draw higearallgarge 

fo the Diameter OB, as G M, HN, 1Q, KR,-LP this done, tale th 
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Of the Mariners Plain Scale. 9 


your Compaſſes the diſtances from C, to the reſpeQive points M, N, O, 
R, P, and ſet thoſe diſtances upon the Lir:e of Longitude on your Scale 
from Q to 10, 20, 30, 4o, and 50, dividing that Line into fix un- 
Equal parts, which muſt be ( each of them ) ſub-divided into ten 0+ 
ther uncqual parts, by dividing the {paces between O and G, G and 
H, &c. each into ten <qual parts, and drawing Parallels through them, 
and transfering them from the limb of the Quadrant CR B., as you 
did the others. This Scale is of good uſe in keeping of a Reckoning, 
according to Mercator's Sailing, in which the uſe of it ſhall be taught. 
And to make this Mariners -Plain Scale the more compleat ( al- 
though Mr. Collins ſeems to have new plained this Plain Scale long 
ſince, in his Book fo called ) I would have added unto it«the Secants 
and Tangents continued as far as the Ruler will permit : alſo two Lines 
of equal parts, of the ſame Radins with the Scales of Chords, Sines, and 
Tangents, All which additional Scales being of fingular uſe in Navi- 
gation, in making, of Sea-Charts both plain, and according to Mercator 3 
as alſo in projeGing of the Sphere, Great Circle Sailing, and reſulvipg of 
. Geographical and Aſtronomical Problems, uſctul in Navigation, Examples 
of all which, ſhall be given in the following Treatiſe, I have there- 
fore in Fig, III. diſpoſed the Lines upon the Ruler according to the 
belt artifice that at preſent I could think upon, | 


CHAP. IV. —_ 
| To Proje& the Sphere for 8 1 deg. 3o min. of North 
Latitude, the Sun having North Declination 18 
_ deg. oo min. - G 


\ Ou are to take notice, that the Lines upon a Plain Scale arc 


taken from a Circle, and reduced to ſireight Lines, as was 

taught in the third Chapter : therefore it may be taken from 

a ſireight Line, and {et upon a Circle of the fame ſemi-diameter. 

Now the ſemi-diameter of the Circle that makes any Scale, is juſt 

60 deg. of the ſame Circle 3 ſo that you can never be at a loſs, for 

| the Circle that made the Scale, any thing taken from the Scale, may 
be applicd to the Gircle, or the contrary. 


CG | Now 


16 Of ProjeGiing the Sphere in Plain. 


Now to Proje& this Sphere, take 60 deg. from the Line 
Fig. FT. of Chords, and upon the point O, as a Center, deſcribe the 
Circle AEGK, which Circle repreſents the Meridian of 
the place, or that Circle that rifeth from the North point of the Ho- 
rion at E, and goeth through the Zenith at G, to the South point of 
the ſame Horizon at E. Divide this Circle into four equal parts, by 
the Lines AE, and G K, then AF repreſent the Horizon E the North 
oint thereof, A the South point, G the Zenith right over us, O the 
aft and Weſt points of the Horizon, K the Nadir right under us z the 
Line G K is a great Circle that cuts the Horizon in the points of Eaſt 
and Weſt, and is called the Eaſt and Weſt Azimuth, becaule it comes 
through the Zenith and Nadir : S L repreſents the Axis of the World, 
or the Axis that the World turns upon L, the North Pole, S the South 
Pile; ES is the height of the North Pole above the Horizon, called 
the Poles Elevation; SA the depreſſion of the Sozth Pole under the 
Horizon; E 1 is the EquinoGial.and is always below the Zenith,as much 
as the Latitude is, and fo is called the Latitude, for when you are un- 
der it, you are in no Latitude 3 F D is the Tropick of Cancer; BR is 
called the Tropick, of Capricorn : Theſe Lines axe each 23 deg. 30 min. 
diſtant from the EqzinoGial 3 one to the Northwards, the other to the 
Soutbwards of it, and repreſent the outmoſt bounds of the Suns Deecli- 
#ation Northerly or Southerly, the Suns motion being always between 
them, carried about in the Ecliptick-Iine R D : the Artick Circle is L L, 
and is 23 deg, 30 min. from the North Pole 3 NN is the Antartick Cir 
cle, as far from the Sowth Pole, and the ſpaces between them and the 
Poles, are called the Frozen Zoxes 3 and the ſpaces between them and 
the Tropickg, are called the Temperate Zones and the ſpaces between the 
Tropicks.axe the Torrid or Barning Zones, This may ſuffice for a deſcri- 
ption of the Imaginary Circles in the Sphere : all Lines that go through 
the Center, repreſent Great Circles, (uch as divides the Sphere into two 
equal Hemiſpheres, Theſe things premiſed, we now come to the rc- 
Glving of ſome Aſtronomical Problems by the ProjeGion. | 


CHAP. V. 


Anno 16587. Latitude Northerly 5 o deg. Declinatis 
on Northerly 17 deg. 4.7 min.being the 23th of Ju- 
ly, I demand as followeth. 


| deg. min. 
Fl \He Meridian-Altitude of the Sun 7. oy. 
WM The Suns heighth at 6 of the Clock th. 36 
Z. 'The Suns Azimuth at 6 of the Clock I4 13 
4. The Suns heighth being due Eaft or Weſt 28 22 


5+ The Suns Amplitude of Rifing and Setting Northerly 28 24 
6, The Suns place in the Ecliptick is 10 deg. of Lea 49 59 


I, 
2. 


7. The Suns Right Aſcenſion 465 29 
ho. min. ſec. 

8, The difference of Aſcenſion | ot- 28 

9. The time of the Suns Riſing 04 30 ob 
10, The time of the Suns Setting O07 29 52 
11, The length of the Day I4 $59 44 
12, The length of the Night O9 O00 16 
13, The time of Day breaking O02 42 OO 
14, The time of Twi-light ending © og 18 oo 
15. The continuance of Twi-light OT 48 oo 
16, The time of the Suns being due Eaft O07 29 52 | 
17. The time of his being due Weſt O4 Zo 08 ; 


18, The length of the Longeſt Day and Night in that Lat, 16 10 oo 
19. The length of the Shorteſt Day and Night in that Lat. 07 50 oo 


PROB, I. | 
To find the Meridian- Altitude of the Sun. 


Fig. II. TY Meridian-Altitude of the Sun, is his heighth that day 
when he is upon the Meridian, or over the South point 

of the Compaſs, which is repreſented by A D. Fix your Compal in | 
C 2 A, 
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A, and extend the Gther point to D, ( the place where the Suns paral- 
Icl of Declination cuts the Meridian ) and that diſtance apply to your 
Scale of Chords, and what number of degrees it falls upon the Scale, 
{o high above the South point of the Horizon is the Sun that day at 
noon : *Tis here 57 deg. 47 min. | 


P PROB. II. 
To find the Suns Heighth at 6 of the Clock. 


Here the Suns parallel of Declination cuts the Axis of the World, 

there is the Sun at 6 of the Clock 3 therefore Q T is the di- 

ance that the Sun is from the Horizon at that time: Take'it off from 

Q, {weeping the Horizon AH at T.and ſet it upon your Line gf Siner, 

and ſo many degrees as it is there, ſo much is the Suns heighth at 6 

of the Clock 3 I tind it here to be 13 deg. 32 min. The reafon that I 

did not apply it to.the Line of Chords, is, becauſe "tis a diftance taken 

from a ſtreight Line, and fo a Sine, as you may fee by the Projection 
of the Plain Scale, 


Pros. II. 
To find the Suns Azimuth at 6 of the Clock. 


He Suns Azimuth at 6 of the Clock, is his neareſt diſtance from 

kk the Eaſt and Weſt Azimuth, and is taken from Q to. W, (weep- 

ing that Line: apply it to your Line of Sznes, and fo many degrees 

and minutes as it is,ſo much is the Sun from the Eaſt point of the Come 
paſt at 6 of the Clock, It is here 14 deg. 13 min. 


PROB. TV. 
To find the Suns Amplitude of Riſing and Setting. 


TY Suns Amplitude of riſing and ſetting, is the number of degrees 
and minutes that the Sun riſeth from the Ezft, or ſets from the 
eſt point of the Horizon, and is of great uſe at Sea, to find the Varia- 
tion of the Compaſs ( for *tis the true Amplitude.  ) Now to know it, 
fix one foot of your Compaſſes in the Horizon, at the place where the 
Sun riſeth ( which is at P) and extend the other point to the Eaſt 
point of the Horizon, ( which is at the center of the Sphere, at the 
| | pon 
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point and =) and apply it to your Lines of Sines, and it gives 
your defire, It is here in this caſe 28 deg. 24 min, and it is ſo much 
to the Northwards of the Eaſt, becauſe the Sun hath North Declina- 


tion. | 


PROB, V. 
To find the Suns Heighth, being due Eaſt or Welt. 


"He Sun is over the Eaſt point of the Compaſs, when his parallel of 
FT Declination cuts the Eaſt and Weſt Azimath ( as you may ſee in 
the Scheme) at G. Fix your Compaſles at G, and open them to the 
center of the Sphere, and that diſtance apply to your Line of Sines, and 
it gives your deſire. *Tis here 28 deg. 22 min. 


PROB, VI. 
To find the Suns place in the Echiptick. 


He S#ns place in the Ecliptick, is bis neareſt diſtance from the place 
in the Ecliprick, that his parallel of Declination cuts it, to the 
next or neareſt EquinoGtial point, which isS Y': Take that diſtance 
. off, and apply it to your Line of Sznes, and it gives your defixe, It is 
here 46 deg. 29 min. from the next or neareſt EquinoQial point. 
But if you have a mind to meaſure thele ſireight Lines by your Line 
of Chords, you may reduce your diſtances ſo taken,into a Chord, thus: 
Take your diſtance, and from a place on the circumference of the Sphere, 
{weep ſome Lines that goeth through the Center, as here from X the 
Line X R ſweeps the Horizop, and is a Perpendicular let fall to R up- 
on it: Now XR. is. the Sine of the Arch, of which X A is.the Chord 
of the ſame; ſo that if you take XA off, and apply it to your Line of 
Choxds, it gives the ſame thing. And thus you may reduce a Sine into 
a Chord, or the Contrary ; but for the Suns place, I refer you to Fig. IV. 
and for his Right Aſcenſion alſo. 


Aftronoyical Problems 


| ProB. VII. 
To find the difference of Aſcenſion. 


"Note, That 15 degrees is one hour in time, 15 minutes of a degree is one 
minute of time ſo that one degree is 4 minutes of time. 


'He difference of Aſtenſion is the time between the Suns riſing and 
6 of the Glock, or how long the Sun riſcth before or after 6 of 
the Clock 3 in this caſe he riſeth before 6, for he riſeth at P, and it is 
not 6 of the Clock till he comes to Q3 ſo that the difference of Aſcen- 
fion is PQ, and is taken from a Line that is ſhorter than a Line that 
goeth through the Center, or ( more properly ) from a Gircle that is 
lefler than a great Circle of the Sphere. Now in this caſe, your diſtance 
taken oft muſt be extended to that Circle that your Scale was made by, 
which is the Meridian of the Sphere; and you may do it thus : Take 
half the length of the Line that your diſtance is to be taken off from, 
as here *tis the parallel of the Suns Declination, ( which is Q D) and 
fixing your Compaſſes in the Center of the Sphere, with that diſtance 
deſcribe an Arch ( from ſome Line that goeth through the Center ) 
as the Arch 22 3 then take off the difference of Aſcenſion PQ, and 
apply it as a. Sine tothat Arch, from ſome place in it, that it may juſt © 
{weep the Line that goeth through the Center, as here it will from 3 3 
then lay- your Scale by the Center of the Sphere, and draw the ſhort 
Line 34. Now *tis apparent that the Arch 3 2 on the little Arch, is 
the ſame that the Arch 4 A is upon the great Arch: therefore 4 A 
taken off and-applied to your Line of Chords, is the difference of Aſcen- 
fon in degrees'and minutes, and I find 'it here to be 22 deg. 30 min. 
which converted into time, is 1 ho. 30 min. the difference of Aſcenſion in 
time; (o much (in this caſe) the Sun riſcth before 6 of the Clock, 
The way to convert your degrees into time, is to multiply them by-4, 
and that brings them into minutes of time 3 and if the number of mi- 
nutes of time exceed 60, divide your minutes by 60, and the Quotient 
will be hours, the remainder of the diviſion will be minutes 3 if there be 
.above 15 min. of a degree( beſides the even degrees }adde it to your-time 
for 4 min. if 30, for -2 min. of time, 


PROB, 
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ORs PRoB. VITILIX 
To find the time of the Suns Riſing, and the length of the dy. 


Aving found the difference of Afeenfion,as before,Jook in the Scheme, 
H and conſider whether it be before or after 6 of the Clock that the 
Sun riſeth at that time 3 I ſee in this Example it is before 6, fo that 
then I conclude the Forenoon is longer than 6 hours, by all this diffe- 
rence of Aſcenſion : therefore adde it to 6 hours, and it gives the length : 
of the Forenoonz and that doubled, is the length of the day, 14 bo. 
59 min. 44 ſec, 1 ſaid before, that the Forenoon is longer than 6 hours, 
by the difference of Aſcenſion, why then fubſtra@ the difference of Aſcen- 
fion from 6 hours, and it gives the time of the Suns riſing, which in ' 
this Example is at 4 ho. 30 min. 8 ſec. | 

Likewiſe, if you adde the ſame difference of Aſcenſion to 6 hours, It ' 
gives the time of the Suns fetting ( which in this Example is at 7 þo. - 
29 min. 52 ſee.) ; 

If you would find the length of the night, ſubſira& the length of the - 
day from 24 hours, and it leaves the length of the night 3 which tn. 
this Example is 9 ho. 00. min, 16 ſec. 


PROB, X. 
To find the time of the Suns being due Eaſt or Weſt. 


'T 7 Here the Suns parallel of Declination cuts the Eaſt and Weſt 4- 
zimuth, there the Sun 1s when he is over. the Eaſt point of the © 

Compaſs: Then from 6 of the Clock to that plate which is ſo cut by- 
the Suns parallel of Declination--( which is QG) take off and extend 
Itto the Chord of your Circle the Scale was made: by ( as you did the-- 
difference of Aſcenfion_) and the number of- degrees ard minutes con-+ 
vert into time, and-adde it to 6 hours, and it makes the time of the - 
guns being due Eaſt that day.. I hope you ſee the reaſon why it muſt” 
be added : it*s-becauſe *tis after 6 (before its over that point) I find it” - 
to be in the Example 22 deg. 3o min. after 6 of the Clock, that is, at : 
7 a Glock 30min. Now for the time of the-Suns being over the Welt - 
point of the Compaſs, that muſi be as much before 6 hours in the after- 
noon, and therefore ſubſtra& it from 6 hours, and you have your.defire. .. 
Tis here 4 hv 30 min. . 


PROB. 
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ns "7, 
To find the difference of Aſcenſion. 


"Note, That 15 degrees is one hour in time, 15 minutes of a degree is one 
minute of time ſo that one degree is 4 minutes of time. 


'He difference of Aſenſion is the time between the Suns riſing and 
L 6 of the Clock, or how long the Sun riſcth before or after 6 of 
the Glock 3 in this caſe he riſeth before 6, for he riſcth at P, and it is 
not 6 of the Clock till he comes to Q3 ſo that the difference of Aſcene 
fon is PQ, and is taken from a Line that is ſhorter than a Line that. 
goeth through the Center, or ( more properly) from a Gircle that is 
lefler than a great Circle of the Sphere. Now in this caſe, your diſtance 
taken oft muſt be extended to that Circle that your Scale was made by, 
which is the Meridian of the Sphere; and you may do it thus : Take 
half the length of the Line that your diſtance is tobe taken off from, 
as here *tis the parallel of the Suns Declination, ( which is Q D)) and 
fixing your Compaſſes in the Center of the Sphere, with that diſtance 
deſcribe an Arch ( from ſome Line that goeth through the Center ) 
as the Arch 2-23 then take off the difference of Aſcenſion PQ, and 
apply it as a Sine to that Arch, from ſome place in it, that it may juſt © 
{weep the Line that goeth through the Center, as here it will from 3 3 
then lay: your Scale by the Center of the Sphere, and draw the ſhort 
Line 34. Now *tis apparent that the Arch 3 2 on the little Arch, is 
the ſame that the Arch 4 A is upon the great Arch : therefore 4 A 
taken off and applied to your Line: of Chords, is the difference of Aſcen- 
fion in degrees-and minutes, and I find it here to be 22 deg. 30 min. 
which converted into time, is 1 ho. 30 min. the difference of Aſcenſion in 
time; (o much(in this caſe the Sun riſcth before 6 of the Clock, 
The way to convert your degrees into time, is to multiply them by-4, 
and that brings them into minutes of time 3 and if the number of mi- 
DNutes of time exceed 60, divide your minutes by 60, and the Quotient 
will be hours, the remainder of the diviſion will be minutes 3 if there be 
.above 15 min. of a degree(beſides the even degrees )adde it to your-time 
For 4 min. if 3o, for -2 min, of time,&c, 


PROB, 
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4 PRoB. VIILIX. 
To find the time of the Suns Riſing, and the length of the day, 


Aving found the difference of Afeenfion.as before,look in theScheme, - 
H and conſider whether it be before or after 6 of the Clock that the. 
Sun riſeth at that time 3 I ſee in this Example it is before 6, ſo that ' 
then I conclude the Forenoon is longer than 6 hours, by all this diffe- 
rence of Aſcenſion : therefore adde it to 6 hours, and it gives the length : 
of the Forenoonz and that doubled, is the length of the day, 14 bo. 
$9 min. 44 ſec. 1 aid before, that the Forenoon is longer than 6 hours, 
by the difference of Aſcenſion, why then ſubſtrat the difference of Aſcen- 
fion from 6 hours, and it gives the time of the Suns riſmng, which in ' 
this Example is at 4 ho. 30 min. 5 ſec. | 
Likewiſe, if you adde the ſame difference of Aſcenſion to 6 hours, It ' 
gives the time of the Suns ſetting ( which in this Example is at 7 þo« 
29 min. 52 ſee.) 
If you would find the length of the night, ſubſtra& the length of the - 
day from 24 hours, and it leaves the length of the night 3 which in.- 
this Example is 9 ho. 00. min. 16 ſec. 


PROB. X. 
To find the time of the Suns being due Eaſt or Weſt. 


zimuth, there the Sun is when he is over. the Eaſt point of the © 
Compaſs: Then from 6 of the Clock to that plate which is ſo cut by - 
the Suns parallel of Declination--( which is QG) take off and extend 
it tothe Chord of your Circle the Scale was made” by: ( as you did the 
difference of Aſcenſion) and the number of degrees and minutes con-- 
vert into time, and-adde it to 6 hours, and it makes the time of the - 
Suns being due Eaſt that day.. I hope you ſee the reaſon why it muſt” 
be added : it's: becauſe *tis after 6 (before its over that point) I find it - 
to be.in the Example 22 deg. 3o min. after 6 of the Clock, that is, at + 
7 a Glock 30min. Now for the time of theSuns age over the Welt - 
Point of the Compaſs, that muſt be as much before TNours in the after- 


noon, and therefore ſubſtraQ it from 6 hours, and you have your.defire. .. 
, Tis here 4 ho, 30 mine =; | 


PROB. 


Here the Suns parallel of Declination cuts the Eaſt and Weſt 4- 
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PROB., XL. 
To find the length of the longeſt Day in that Latitnae, or ſhorteſt 
Day or longeſt Night, or ſhorteſt Night. 

N any North Latitude, the Suns parallel of Deglination muſt be the 
Tropick, of Cancer, to make the longeſt day, Now the difference of 
Aſcenſion that day is a þ take it and ſet it off after the manner 1 did 
before, uſing the Tropick as I did the parallel of the Suns Declination, 
and extend it to the Circle of the Scale, and ſo many degrees and mi- 
nutes.is the difference of Aſcenſion that day 3 it is 3o deg. 20 min. which 
converted into time, is 2 ho. 50 min. and that added to 6 hours, gives 
- thelength of the forenoon 3 which doubled, is the length of the lon- 
geſt day in that Latitude cqual to which, is the longelt night : again, 
that ſubſtrated from 24 hours, leaves the length of the ſhortelt night, 

which is equal to the ſhorteſt day. ST 


PRoB. XI1T. 


To find: the time of Day-breaking, and the time of Twi-light 
ending. | 


T! is the Opinion of all Afironomers, that the day breaks when the 
Sun is'18 degrees under the Horizon : therefore take 18 degrees 
frem the Line of Chords, and under the Horizon ſet it off, and draw a 
Line parallel to the Horizon - ( as the Line 8 8 3) next, fee where the 
pazallel of the Suns Declination cuts the parallel of 18 degrees, and 
meaſure from thence to 5,-of the Clock, and convert the degrees and 
minutes into time, and: ſubſtract it from 6:ot the Clock, and it gives 
you the time of day-breakipg, . It's here 2 ho. 42 min. _ 

If you would find the time of Twi-light ending, adde the ſame to 
6 hours, and it gives the time of Twi-light ending 3 which is 9 ho. 


18S min. in the cycning, Nt 
- PAo3 NIH. 
7o find the continuance of Twi-light. 


Ake 18 deg, Q ( the time between the Suns giving ſight and 6 | 
aClock ) and convert it into time 3 and from that, if you os 
ſira 


performed by the Plain Seale. = T7 
ſtrat Þ Q the difference of Aſcenſion, the remainder is Þ 18, the conti- 
nuance of T wi-light 3 which 1s in this Example 1 bo. 45 min, 


nal PROB. XIV. 
To divide the Ecliptick into Signes,by the Line of Sines. 


Ote, That there be 12 Sjgnes, and they divide the Ecliptick Line, 

or Circle, into 12 equal parts. Now becauſe the Ecliptick is 

360 degrees, therefore 3o degrees is contained in each Signe, ( 12 times 
30 being 360.) The CharaGters of the Signes are theſe following, 


Aries, Taurus. Geminy, Cancer. Leo. Virgo 
F” fs) IT S S% us 


- Libra. $ corpio.. Sagittarius, Capricorn. Aquarius. Piſces... 
= , M. "a «1, 8 . _"3-- 


Is North Latitude 50 deg. 00 min. Declination: Northerly: 
17 deg. 47 Min. | 


Fio. II, S 1 ſaid before,there be 3o degrees to every Signe, take - 
Fig WW A off -30 degrees from your Scale of Chords, (if you - 
have no Lineof Sines_). and reduce it into a Signe,, and ſet it from the _ 
center of your Sphere on both ſides upon the Ecliptick, as here to ©, . 
and then ſet off 60 deg. which is two Signes, then 90 deg. which will 
be.to the edge of the Circle, and is three S;gnes, and mark them, thus : _ 
From V' to S, the firſt three; and back from S to = z from that to 
WY; and laſtly, from that to Y' : and thus the Ecliptick, is divided into - 
twelve parts, or Signes. For though a plain ſuperfices doth not de- 
monſtrate the Lines to be.Circles, yet you muſt conceive of them o : 
for you know all Lines drawn upon a Circle, muſt be fo, or parts of 


Circles. Thus you muſt conceive of this- Line to be forwards and : 
back again, the whole Great Circle caled the Eclipticke 


\ 


: ÞB- PROB..-. 


" 1,6 3 
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PRoB. XV. 


Latitude 50 deg. 00 min. Northerly, Declination Northerly 
17 deg. 47 min. 1 demand the Suns place in the Ecliptich, 
and his Right Aſcenſion the 23th of July 1687. . 


40. IV. TT He Suns place in the Ecliptick ( as I ſaid before ) is 
Fig "y I his each diſtance from the next EquinoRial point 
in the Ecliptick Line, ( or to the neareſt place where the EquinoRial 
and the Ecliptick interſe& one another ) which is at Y from B ( the 
place in the Ecliptick 3 ) fo then take Y B off, and apply it to your 
Line of Sines, or (if you have no Line of Sines) extend it to a Chord, 
and apply it to your Line of Chords. 

The Suns Right Aſcenſion is Y C, equal to BD; but to meaſure 
D B, take half the length of the Line R O, which is DO, and de- 
ſcribe the Arch LP, and take D B and ſet it a Sine upon the Arch LP, 
and it meaſures to L, ( the Sine FL.) Lay your Scale from the center 
of your Circle to L[, and draw the Line LN to the edge of the circum- 
ference; that done, take N K, and apply it to the Line of Chords, and 
as many degrees and minutes as it is, ſo many degrees and minutes is 
'the Suns Right Aſcenſion that day : and thus you may extend any little 
Circle to the Circle your Scale is made by, or the contrary z for LP 
is the ſame quantity upon the little Gircle, that N K is upon the grea- 
ter. I find the Suns place here tobe 49 deg. 59 min. Right Aſcenſion 
is the number of degrees and minutes that come from Arzes to the Me- 
ridian, which the Sun or Star, as here Y C, goeth along, as DB doth, 
and the Arch or Meridian B C, would come to the Meridian at OS at 
the ſame time. 


PRo8B. XVI. 


November 10. 1687. i» North Latitude 50 deg. oo min. De- 
clination Southerly 17 deg, 47 min.] demand, as followeth. 


deg. min. 
C5 He M:ridian- Altitude of the Sun 23 ..30 
2, The Suns Amplitzde of rifing and ſetting 28 24 


3+ The Suns beighth at 6 of the Clock not up by 46 

4. The Suns heighth, being due Eaſt or Wet not up by CT 
5, The Suns Azimuth at 6 of the Clock 14 13 _ 
6, Ine 
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deg. 
6, Ll Suns place in the Ecliprick,, is in 26 deg. 59 mins. 
of | 


7, The Suns Right Aſcenſion 


8. The difference of Aſcenſion 
9. The time of the-Suns riſing. 
10. The time of the Suns ſetting 
11. The length of the day 
12, Thelength of the night 
| 13. The time of the Suns being due Eft 
| 14. The time.of the Suns being due Weſt 
| 15. The time of day breaking 
| 35, The time of Twilight ending. 
| 17. The continuance of Twi-light 
| 18, The length of the longeſt day or night in that Lat, 16 
1 19. The length of the ſhorteſt day or night in that Lat. 07 


For the performance of theſe things, I proje& a Sphere Fig. V. 


for the Latitude given, and ſet my parallel of Declination 

to the ſouthwards of the EquinoGtiial, (according to the Propoſal } and ; 
it is repreſented by R O; and ſo proceed to meaſure all thoſe. things- 
required. And, 

Firſt, For the Meridian-Altitude of the Sun, itis AO; take it off, 
as before hath been ſhewed, I find it here 22 deg. 30. min. 

Next, for the Suns Amplitude of riſing and ſetting, it is L Y take it 
off, as hath been {hewed before, and ſet it down : in this Example it's - 
| - 3 deg. 24 min. and ſo much the Sun riſeh to ghe ſouthwards of the. 
| Laft, | | 
| For the Suns beighth at 6 of the Clock, look and find where the. 
| Sens parallel of Declination cuts the Axis of the World, and there is + 
| 6 of the Clock, namely, at 6. Now you ſce'the Sun is-not up. at 6 of: 
| the Glock, by the whole difference of Aſcenſion 6-L, 
| Fox the Suns heighth being due Eft or Weſt, the Sun is at C, when 
| he croſſes the Eaſt point of the Gompaſs, and ſo is not up. 

The Suns Azimuth at 6 of the Cloek, is BG ; take it off ( as in the 
Example of North Declination before ) *tis here 14 deg. 13 min. 

The Suns place in the Ecliptick is F f,, and is taken off, as is ſhew- 
ed in in the former Example of that nature : I find it tobe here 28 deg. 

59 min, of MN, 

: D 2 The 
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The Suns Right Aſcenſion is 6 F, equal to S Y,, and is taken off, as I 
have ({hewed in the Example before 3 and find it 46 deg. 2.9 min. 

The difference of Aſcenſion is 6 L, and is taken off, as in the Example 
done before of this nature : It is here 1 ho. 3O min. | 

The time of the Suns riſing is after 6 of the Clock the whole diffe- 
rence of Aſcenſion, {o that being added to 6 hours, makes the time of the 
Suns rifing : It's 7 bo. 30 min. 

For the time of the Suns ſetting, {ubſtxa& it from 6 hours, and you 
have the Sun to fet at 4 ho. 30 min. 

For the length of the day ( ſee | in the laſt done) the length. of the 
afternoon, and double that, and *tis the length of the day : it is 9 bo. 
00 min. This ſubſirated from the whole 24 hours, muſt leave the 
length of the night, which is x5 ho. 

For the time of the Suns being duc Eaſt, take C 6 and convert it 
into time, and ſ{ubltraCt it from 6 of the Clock, and it gives the time of 
. the Suns being due Eaſt, which is 4. ho. 31 min, 8 ſec. (for you ſee the 
Sun cuts at the Eaſt and Weft Azimnth (0 long before. 6 of the Clock.) 

For the time of the Suns being due Weſt, adde the fame C 6 (laſt 
found ) to @hours, and it makes the time of his being due Weſt,which 
is in this caſe 7 ho: 29 min. 3o ſec. and the reaſon is plain, foraſmuch 
as the Sun is due Eaft before 6, {fo much he is due Weſt after 6 in the 
evening, 

© Fhe' time of Day breaking is * 6; take it off and convert it into 
time, and ſubſtract it from 6 hows: ( becauſe *cis before 6 ) and it 
gives your dehire, 5 ho, 42 min. adde it to 6 hours, and it gives the 
time of Twi-light dale which is 6 hs. 18 min. 

The continuance of Twi-light is '6 L; take it off ( as hath been be- 
fore (hewed?) and: convert'it into time, its 1 ho. 4.8 min. 

For the longeſt day ip that Latitude, take BE for the difference of 
Aſcenſion, and ( when converted into time ) adde it to 6 hours, and 
that doubled, is the length of the day > that ſubfiraQed from 24 hours, 
is the length of the ſhorteſt day, or night 3 ( the longeſt day 1s equal to 
the-longeſt night ) but if you- will for the length of the ſhorteſt day, you | 
may take QQ tor the difference of Aſcenſion, and convert it into time, * 
and-ſubſiraCt it from 6 hours, and it gives the length of half the ſhorteft 
6g, which ou; is the length of the ſhorteſt day or night. 


© Latitude 
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Latitude 50 deg. oo min. Southerly, Declination 8 outherly 
7” "WP cog, 47 min. 7 demand, as before. 


oo. Hope this wiltyot ſeem eedjons, bectufe it may be dif- 
Frg. vi Fotle for a Learner to underſtand it fo well wichdire it, 
To ere& a Sphere of this nature, you, muſt conſider the Sozth Pole is 
naw elevated;-and thereforeſſet your Latitnde from the Sonth pe of 
the Horizon upwards for the devation of the South-Pole, as HT. the, 
faine diftance fet from the Zenith towards the North point of the Ho- 
rizon upon the Meridian for the Equino@ial, as EN; the ſame from 
the North point of the Horizon A, downwards for the North Pole, as 
AB, and draw the Axis of the World TB! and the Equinotial NE, 
then ſet off the Trepicke, and, draw tierte as hath been | raupht already, 
andalſo.the Ecliptecks 

The. Sphere thus finiſhed, we —_— to he Queſifons, which I one- 
ly intend to ſhew where they muſt be taken off, and leave the ÞraQtice 
of it toyou, -  TE0E - 


. The Meidien-dhitudes of the "OY is -ibare the North Þ Pole of te 
Horizons AM at = ag 
2, The Suns Amplitude of riſing and ſeiring, "8 P go to voſhs fouth- 
wards of the Eaſt. 
» The Suns beighth at 6 of the Clock, is'6 Z. 
4. The Suns Azimuthat 6 of the Clock, is 6'S. 
5. The Suns beighth, being due Eaſt CHEN is S Y. SO Ne ORE 
.6,' The Suns place in the Felipnick, is LY. WT gt Vent 
-7. The Suns Right Aſcenſion, isL 6,” Rs + 
. 8. The difference of Aſcenſion, is Þ 6,after the San' is "ra 
- 9. The length of the Day is longer than 12 hours, by double the dgf- 
ference of Aſcenſion. 
4 oO. The length of the Night | is the length of the day ſubſtracted from: 
24hours:! - / i? 
3; The'time of the'Suns riſng, is P's; before 6 a Clock. 
2, The time of the Suns ſetting, is as much after 6 a Clock. +. 
13. 'The time of the Suns being due el 6, added-to 6 hours, 
14. The time of the'Sums being due We, is che ſame ſubſtraced. 
from 6 hours. 


. 35." The longeſt dayis found by O' 6for the difference of Aſcenſion that 
T.. 
16, The 
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16, The longef night is equal to it 3 the ſhorteſt day and night is 
that ſubſiracted from 24 hours. | 


PROB. XVII. 


To find the Suns Azimuth at any time of the day in any Lati- 
tude. 


T Heſe foregoing are the chief uſes of this Projedtion in: Aſtronomy that 
'& can be performed by the Plain Scale, which do not require 
the Altitude of hn Sun 3 bat this following Problem ( viz. to find the 
Suns Azimuth at any time, as well as at noon, Sun rifing, or being due Eaſt 
or Weſt ) being ſo general, and of fuch uſe in the finding of the true 
Meridian, and from thence the Variation of the Compaſi z that I thought 
good to ſhew you how eaſily and exactly it may be done by the Line 
of Chords onely : and for that end, I ſhall refer you to Fig. III. in the 
fourteenth Problem of this Chapter 3 where the Sphere is proje&ed for 
the Latitude of 50 deg. North; and for the Suns Declination 17 deg. 
47 min. North. Tn which Scheme, H ZON repreſents 
Fig. IIT. the Meridian, HO the Horizon, ZN the Azimuth of Eft 
_ and Weſt, P the North Pole, S the South Pole, F, Y 2, co, 
the Equinoial, B S the Tropick, of Cancer, Y WV the Tropick/of Capricorn, 
and S _ ( with-the reſt of the Signes upon it.) the Ecliptiok, 
The Scheme being thas prepared, take 50 deg. the Latitude, from 
our Scale of Chords, and {ect it upon the Meridian from Z to A, from 
| N toc, alſo from O to P, andfromHtoS 3 and draw AX ce for the E- 
quinoGial, and P'S for the Axis of the World---Then, the Suns Declina- 
tion being, 17 deg. 47 min, Northward, take that out of your Scale of 
Chords, and fet it upon the Meridianfrom Z and c&, to D and D\ to- 
wards P the North Pole, ( becauſe the Declination was Northward ) 
and draw the Line DD for the Parallet of the Snns Declination or 
Courſe for that day.----Alfo, take 35 degrees ( the Suns Altitude obſer- 
ved ) and ſct it from H to Land from O to L, drawing the Line L Lifor 
the Line -of the Suns Altitxde, cutting the Line DD in the point ©, 
( which is the place in the Heavens in which the Sun was at the time 
of obſervation.) ----This done, take half the length of the Line L L, 
viz. E L, in your Compaſſes, and ſetting one foot in the Genter, noted 
with Y and 2, deſcribe the Circle C AE; and from the point © e- 
re& a Perpendicular © A, cutting the Circle laſt deſcribed in the point 
A.----Laſtly, lay a Ruler from the Center at Y and ®, to the point A, 
and draw the Line AB, and your work is ended. | 
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And then, 
£1] B meaſured upon the Scale of Chords, ſhall be the Suns Azimuth from 
" the South, and ſhall be (in this Example ) 77 deg. min. 
B Z the Suns 4zimath from the Eft or Weſt, and ſhall be 
uz 12 dep, 52 min. 
B O ſhall be the Suns Azimnth from the North part of the Meridian,and 
meaſured upon your Scale of Chords,ſhallcontain 102 deg. 52 min, 


This laſt Problem is of excellent uſe in Navigation, for that you may 
thereby find the Variatiqn of your Compaſi at any time of the day, as 
well ( nay better ) than by a Meridian-Altitnde. 


Many more Problems in Aſtronomy, and alſo in Geography, may be 
performed by this ProjeQion 3 but let theſe ſuffice, till T hero you 
farther Uſes of this Scale in other Proje@ions of the Sphere i 
Plano, ; 
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"The Uſe of the GLOBES. 
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20 CHAP. VLo- oo wo! 
The Uſe of the Terreftial Globe. 


Globe is an Inſtrument ſo well known, that it will be but loſt 
; time to expreſs what-its Materials are; and therefore I ſhall 
onely touch at that in the Uſe of it, as followeth in ſeveral! 


Problems. 
& T3 WY | 

Having the Latitude of any place given, to ſet the Globe to it. 
Ithin the-brazen Cixcle: the whole Clobe-rurns (which is-cal? 
led the Gradxated:Meridian): and-is divided from the Poles or 
 Axeb-trees thereof, each way into 90 degrees. Now to (et the Globe 
to any Latitude propoſed, turn the Meridian in the Frame, till the de- 


grees that you would ſet him to, cuts with the Horizon of the Globe, 
| (which 
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( which is the flat round Framevof'Wobd in which the brazen Meridi- 
an tures) 3 if the Laticude be Northerly, let the North! Pote be elevated 
from the Horigon it it be South Latitude, let the South Pole be dlevated, 
and ſo it's ſet right (and if you fet the Meridian due North and 
Som: 2 it repreſents ( in cither Globe ) the truc ſtanding of the Hea- 


% 
of $4 


_PKROsB. II. L 
To find the Latitude of any Place upon the Globgy 


” Ook on the Globe for the place, and turn the whole body till that- 
4; place comes under the Gradzated Meridian, and the" degree that- 
falls upon. it, is the Latitzede of that place. 

So it you turn it for the Lizard ( and the Globe be made true ) 
you will tind the degree on the braſs Meridian over it to-be 50. deg. 


To find how two places begrs one from the, other... 


| S- £4% & Þ t wo Y *#WMAntS RS So 3 
"FO do this, there is a Quadrant of Altitude which is to be fa- 
+ ftened upon the brazen Meridian, and to be taken off at plea- 
ſure : ſet the Globe'fo the IAtitrtle df one of the places, then 
turn. the body till that place comgs under the, brazen-.Meridian, and 
{crue on the Quang of AK tn Eat fr. f0 that it may cut di- 
rely over the other place, whoſe bearing you would -know, and ſee * 
upon. what degree of - the Horizon-the: ſame-edge' cuts, for -that is the- 
beazing of thele, places pne from the other, as was required. :: 


oy V3] [4 3037 CH 7353  1A8 31d J{11 (41 $h;14Jd 3 CERT A. _—_ 
PRoB. IV. nn 
To find the diſtance between two places. 


Þ= this, fuppoſe the-Quagrant, of Altitude et over one of theiÞli-. 
& ces given on the brazen Meridian. turns it ( as it was directed in 
theJak Bxamaplc )::overtbe brher-and) tothe mamber' of degrees that. 
ks betrwees them) Coniretiatiquadrant'): isthe thing tequired, © 7 
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PRAoOB.,V. 
| To find the Longitude of any plate. 


lace whoſe Longitude:is:xe to the od 
,.Aand at the fame time the ANTI Fu cut the. E- 


yr in the degzee of. Longinade th NO Pace lies in z for” 


the oQtial is divided into degrees. wk 
\The _ of the Cali Ons Ts 2eþ 
| | gens: PR 0 B.! - $21 1 r-01-52145h on 
Having the ds dn. Pn the Month given, to find the Cigee and de- 
gree of the Ecliptick the Sun in. 


N the wooden Horizon is a Kalerdar ; look 1n it for the day of the 
month, and right againſ it is the Signe, and the degree of that 
Signe, the Sun is in. 


nas i. ET” 


, Þ. 
gr FL PA qeÞ* fi; JIss 


To fd the Amplitude of the Sas rifin or ſetting. 
Riog.the Suns place in the Belipich,uþon.t -Globe,to:the, Hork 
Bis Zn, .and' path rior Fon that.and 
the EquinoRials, ( cutting of it; and kb y ourcdefire”): for where 
= -_— cuts the orizon, there is the Ea or Weſt points of 
e Horizon. 


A 8 


2 


Thr "Of of VBe Cirtifttal Glade. ' 


PA os. HY 
To find the tne df the Sins 'riffvig nil f@ ting. 


tiith ont W ib OUBe"thre os booſt Che ith ann 
a ES +_oh th ORs i Wei ng 13A P2 
Clock at noon, (til LE. the _ 


*obn,'to 12: "4 12a Ch 
Id went 'rÞe bojers 
night. 


Ow to place the Index of the Hour-circle for any day of the year;. 
you mult ſet it to. 12 on the Woe edge of the Hour-circle ; then 


is the Hour-circle rcified. | 
Now to know the time of Sansxi t the Globe to the Lati-- 
tude that you are th, fatid: n the F AE degree of the. 


Signe the Sun is in, and, before you place the Index at 12 a Clock, turg 


that degree to- the graduated braſs and keeping of it there, 
et the Index to the hour of 't2. 0h ufper edpe of the Hour-circle, 
elm tan the; the | degwor: he hace the Eeliprick. 


cut the Eaſt fide of the Horizons, «(:Nopw-theYnder "Will \tumwith i it 
upon the Hour-circle, and point to the hour of the Suns riſin #2 or if 
cuintd 250 we Weſt file a 9 9 oiER ſtew _— tle lic 6fhie 


e 


Pao8s.IV. 
To Jud the Declination Babing hi place gfven. 


oo "for the Sits Place in In che Edip tick, wi cum the degree of his 
eto the gradnated delvion beinion[M-tidion ns ” 
Hire tmrdndtheBduidodig (onthe Globe.) "ſoma Footed 
i the Saks Dedharion cir Nolthedy by Southierly, acchiding”>hs the 
Cs | 27900 Fd 


* 


PROB, V. 
To fad the Suns Meridian-Altitude any day. 


O.Gk for the Suns place in the Ecliptick ( as hath been ſhewn ) 
and turn-that degree to the brazon Meridian, then ſee how many 


degrecs 


The Vſeaf the Callie Glo. — 37 


$ is between that and the Horizon, and ſo much is the Suns Me- 
ridian-Altitude that day. 


B KO'B, vi, 
Te fad the Altitude of the Sur any hour of the PR 


Ec the Globe to the [atitride, then. find. the Sons lace, and « the 
Js egrce 'of- the Sung place” to - gs, be all; 6 Fu 
Index: to 12: of 'the Clock'on the Fre ef Weed eos 


the Index cuts the hour you you know hi heig wh RH ot Tr 

fand tiff you have {crued*on the Quadrant” of Al tude to the Ween 

Meridian.in that part of it that is the Zenith (as No lobenow ſtands) 

and gurn i it ſo as you may cut the Sun i i fe Ecliptickz and (0 =y 

degrees as is between the Suns het the Horizon MR fn 9.9 
at 


drant of Altitude, lo "Og? is the $ 'that rims. 


PRO B. WIL ..-. 
To find the hour of the day by the Globe. 


Ith a Quadrant, or qther Inſtrument, take the _ of the 


V | Sun, and then this is. but the hs 
ving the Globe ſer to the Latitude, SY ge of te cho 
Suns place under the brazen Meridian, and the Quadrant of Altitude 


{crued on at the Zenith, turn the Globe ſo that the Suns lace may Ex 
thac Alcitude on the Quadrant, and then will the Fnde! zh out'che 
_ of the day upon the Hour-circle.* 


PROB. VIE” 


To had the Meridias-Altitude of a Star, or bis teighth at a 
time of the night. 


YN have the Stars placed-in theCerldfiial Globe, ſo that you may 
ſee how tg turn the Star. to the brazen Meridian, better than the 
Suns place in the diptick,,' and'the 


he pied Sou id in the caſes 
oo cis nature $+14uy the Sun. X TE A 


a & 
> i Y 
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PROB. IX. 


To find the Right Aſcenfio# and Declination, as alſo the Oblique 
Aſcenſion ef the Sun or Star in ang Latitude. 


" Hen you have, reRtified the Clobe, bring the Suns place to the 
' Meridian under the Horizon, and the degree of the Equinio- 
Rial that cornes with it to the Meridian, is the Right Aſcenſion. . : 


Note: If they will reach no part of the Meridian under the Horizon, thy 
' bave no Right A ſeenfion. : 


"If you would find the Oblique Aſcenſion bring its place. to thf Eaſt 
fide of the Horizon, and where,the Horizon cuts the Equino&ial, is.the 
Oblique Aſcenſion of either Sun or Star, 

If you would find the Obliqae Deſcenfion, bring the Suns place to the 
Weſt fp de of the I, * as my did oe _ to the Eaſt fide, then 
work as before. 


MDaCdip MN 1 oe De ITF 
7 0 ON obs Stars are above the Horizon at + 61 4M of the 
+ #Y or night. 


JLace the Globg in a true poſition, and, then if. you would: know 
"(in the day-time ) what Stars are up; ox above: your: Horizon, 

firſt take the Altitude of the Sun, and turn about the Globe till you 
bring the Suns degree or place to the Altitude taken 3 ( on the Qua- 
drant of Altitude ſcrued to the Zenith ) ſtay the Globe there, and you 


Will ſec all: the'Stass' that: ate above 'the wooden Horizon" "repreſented 
unto you. 


01 doi Pg X1.- 
"Ts 0 tis the time of night pal the Globe. 


\Ake the Altitude of ſome known Star, then bh <7 the Index of 
your Hour-cizcke according to the day of the month, then turn 
_ the Globe till you make the Star: (taken ) corne to agree with, or cut 


_ the Getrant of Altitude , at that degree on it that the Star nts 
t 


The Uſe f bo Ceelfli bf Elbe. "' 


ic and at he kane time, the Index | -7 the Hour-circle will point to 
#3 EO n | 1 FT IPR 

bd ian, 'eurn the Quadrant of Altitude-to the 
WILED 0 the hg ' but * the Star be rikng, to the Eaſtward 
"of eps _— -.. 
©. Theſe things may. be wrought upon the Globe, and” divers'others, 
'but not with that exa&nels as by thoſe other ways that 1 have b.eregted 
LF but this-1 45,2, 809d: demonſtration of-cheim OR 


Thoſe ' that defire Filther' infirtlipn inthe Uſe of, the Globes, may 

'*- make uſe of Mr. TLeybonrn” s: Introduttion-to Aſtronomy & Geograpby 3 
in which Book they. may. be, fally-Catisfied in all the Problems 
' thereof, And ſuch as defire, may, be furyiſhed vi bay .('of 


_ all ſorts) Spheres, Met Sig Plats and. ( 
ens. 


Charts, toy. 
" tions, at Mir, Robert Mordet's. Shop, ja es a ive Tignopf 2h 
; ee, the jk Bo Fab uh » 4 $6 3 mon meld J Pr gl OC 
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CHAP. VEL. 


| Pry tions #: Plain $ == prjed W the Plain | 
f. "Fav LS again . 6 


= SM* 36A 3585 mo el : Fol 2; M65 26 2: AK, 


I 
Courſe.and diſtance run; bethg:g#ven, to find the differerice eo 
. Eatituide and era INT the Meridian. mv 


4 £"Y & 8. i" PF. $4 
tat ; + } / 5, as #4 


» nl @ i Queſt. aB ail ot 200 LH T | iy 2044) 
Adviit'l fe rg ing i he Tet 'T deg. ( Wa J) 
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© and fat South Weſt Ge Lee Mina 
 * in, and my departure f Aifoah Man ? 


b at'e 3 Afr nid ek | 
6 ht fs fi: : 
| thi Moldiani is NO Lurk or }, 


Prop of Plain Sailing, 


the ſame Corſe, Now to ne 
Queſtion, I firſt PrPPo Fi th 


©a = - 


© parts of my Bopk BRIE) 

count the upper part of my. TRA tO 
be North from me, and then confe- 
queptly Soutb will tbe to me, and me 


—_— 


B | Jp will be to the left hand, Eoft wil 
| % ha woes right ie Aa No 
%. WO South, an an Eaſt and 
 m_—_—_— ne * Weſt Line. Tha rig ; "Wife. 

IP Pr 

G fed, Firſt draw AN, and take off 
Se cops: hom) ou See @ Chords 
A ug a center, ct rc 3nd take hve points 
and from. e of Points; and ſex ypon that And hr te at 
< bet we your Courfe is five poltits to eltwards of the 


Soul ) then from C by E draw the Line BA (which rai neeth South 
Weſt by Weſt ) and et off ”-y_ diſtance run, which is 2M you, 78 
leagues from A (it reachith'toB ) there then muſt your Ship cer- 
tainly be, Ma. BA is a South Weſt by Weſt Line, 4 78 leagues 
Hom _ be place you ſet. Laſtly, let fall the Line A D Perpendicular to 
BD. a 

Meridian-diſtance you have —_ * Wh 


Line DB is your Departuraor/ nearelk "du 


N 

5 emale to the & s of the ghace- you-let from 3 
take them off, and ſet them on your Scale of Leagues, ani. ſo- many 
leagues as each is, ſo much is your or difference of Latitude and Depar- 


- ure. 
« from the Nerd AD is. : 


ſo you have the Trian ngle ABD. Now 'tis demanded what 
ou ſee the Eaſt and Weſt 
nct from the Meridian or 
agd South Line you (et from, and AD is your difference 0 
you 


of L,9- 


"The 


The difference of 1 1.AD. We ables 
Now to know what Latitude I am in, l cond ter I eat to the - _ 
.-wards of the place I ſet from 4.3; leagues, and therefore in a leſs Lati- 


tude than 1 was, becauſe the Latitude1iſt from is Northerly; therctore 
, L,capvert my : key god 
io cite 


Aa iy yeh jo " Ce 0 
are they tes9 


ſtance Ae .229 ain.) 
= Aivided by 60 { becauſe 60 minutes makes a degree ) gives the 


gt in. ſhe, uofient, and minut remainder of the divi- 
be, IEC? 2 Thi ob hs FE 


the Je ti 6 Latitude I ſet 
DUE bribe lore 'p 47 


FI "Ui 
c 


[ 
Yo Þ>Þo py gd res ( rate my 'Scate of 
Chords') and upon It fee three Points '( xs hath been ſhewell in the 
laſt Example) it being my Courſe North, three 
points to the Weſt, as C'S upon the Arch of 
66 degrees, and draw the Line BA at plea- 
ſure by S3 I fay then, the Shipis ſomewhere 
in that Line: I look upon the Queſtion and 
| find that the Ship ſailed from the Latitude 
of 32 deg. 20 min. into the Latitude of 33 
deg. 50 min., I ſubſiraQt the leſſer Latitude 
from the greater, and ſo have my difference 
of Latitude which the Ship hath made : It's 
here 1 deg. 30 min. or 3o leagues. This dif- 
ference of Latitude ſet upon the North and 
South Line from the Port I failed, which is B, 
and it reacheth to C; ( the reaſon I ſet it to 
the Northward, is, becauſe I failed more Northerly than 1 was ) from 
C raiſe a Perpendicular or Welt Line ( becauſe the Ship fails to the 
Weſtward } and. where that cuts the range of the Ship, which is at A, 
theje'rnult the Ship be : 'fothen'A'B'is the Yiſtance run, anll 'A'C the 
deparnage equired 3 take them. off,” and* upply thiemto' your'Scale-6f 
ew H2-Þ the Ne 11)! RT 5 © - } - ES 
BC's the tilince un 36 Keapucs. 
"Thie hke bs f6 be undeifiood of ay orher OuMion of th: 
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3IE 
Difference of, Latitade. and diſtance; 2yn, Kives,: 19 Hud. the 
Courſe A, eparture. from the Mexichan.. Noah Lins 


Quelh-3e) 
Admii I ſetfrom 4 Heac nd which. lieth.in . $8 begs 
"ay ſc Oy ſome. yt the South adi 1.9 Toy 


.Þ alter. my Latitude. 2 degrees or 40 lea gues, 3 Ahn] Cole 
made good, and ns In the Meridia, 99 


POr the doing. thi 2 North an 
EO: eto. i pra ted wid, pre 
iSAB3 1 Place wh $i wo et 'be Xt ſt* Your' diy Sth ence T 
Latitude, which is 491 aes, from, A, and it reacheth'toB; & rom B, 
raile a Perpendicular, an 'drawit at pleaſure, asBD; ally take the * 


diſtance run, and Radiat one foot of your Compaſſes in A, croſs 's (he heres, 
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performed by the Plrin Scule "mY 


off S O, and apply it'to your Line of Chords, and as many degrees as 
it gives, ſo.many degrecs hath the Ship failed to the Ealtwards of the 
South. If it were demanded what Eatitude you are in, you muſt adde 
it to the Latitude you ſet from ( becauſe you arc in 2 South Latitude. 
and have gone to the ſouthwards ): It's here 4.2 deg. 00 #171. 

The departure from the Meridian BD. is 68 leagues. | 

The Comrſe is South 59 deg. 35 min, Eaficrly, or South Fall by Eaſt 
3 deg. 20 min. Eaſterly. ; 


Difference of Latitude and departure fromthe Meridian Ziven, 
to find the ditiance run and Courſe, 


Queſt. 4. 
Admit T jet from a Head Land, and ſail #pon ſome point between the North 
and the Weft, 1ill T alter my Latitude 1 deg. 30min, or 30 leapuer, 
and depart from my Meridtan 39 leages, T1 demand my Courſe made 
good, and diſtance run ? 


Or the anſwering this Queſtion, T draw my North and South Line 
( as before ) ana upon it I ſuppoſe the Head Land to be, as at A; 
then I take offitize difference of Latitude fromthe Scale, and from A, 
{et it:off toithe Noxthwards wc i fail to the Northwards ) ard 
it reacheth to B; from B then 1 zaile a Perpendicular, and det off my 
Moridian diſtance upon it 39 
leagues, which reacheth from B 
toD, and conclude the Ship 
sat D, becauſe-therein the Pa- 
rallel of Latitude is 39 leagues 
rom the Meridian, according 
to the Queſtion, Draw the 
ide D A, which is the diſtance 
un, and take it off, and mca- 
luxe ( as before hath been 
newed ) alſo, take off the 
Courſe, by deferibingithe Arch 
'vi:60 deg. BS, and taking it 
oft and applying it to your Line 
of Points ( as hath been fhews 
el) orto the Line of Chotds, if you defice it i 
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Then to - ow herC here e good, | 


' fron, yuh 
{cribe the Arxct 


Trt24 3d | 


erformet by the Plrin Scale. 23 
off S O, and apply it'to your 


Line of Chords, and as many degrees as 
it gives, {900ny degrees hath the Ship failed to the Ealtwards of the 
South. Tf it were demanded what Latitude you are in, you mnwlt adde 
it to the Latitude you fet from ( becauſe you are in a Sonth Latitude. 
and have gone to the ſouthwards ): It's here 42 dep. 00 min. 

The departure from the Meridian B D, is 68 leagues. | 

The -Comrſe is South 59 deg. 35-min, Eafterly, -or South Eaſt by Eaſt 
3 deg, 20 min. Faſterly. bs Ft 


Difference of Latitude ard departure fromthe Meridian given, 
to fud the diftance.run ard Courſe, 


Queſt. 4. 
Admit I fot from a Head Land. and ſail #pon fone point between the North 
and the Weſt, 1ill T alter my Latitude 1 deg. 30min. or 36 leapmer, 
and depart from my Meriazan 39 leagues; I demand my Conrle made 
good, and diftance run ? 


Or the anſwering this Queſtion, T'drawi/my North and South Line 
( as before ) and upon it I ſuppoſe the Head Land to be, asat A; 
then I take offithe diftexence'of Latitude fromthe Scale, and:ifrom A, 
{&t\ir:off tothe Noxthwards .( becauſe 1 fail to the Northwards ) ard 
it reacheth to B.; from.B then 1 raiſe a Perpendicular, andſet off my 
Maridian diſtance upon it 39 
leaprees, which reacheth from B 
to D, and conclude the Ship - 
isat D, becauſe therein the Pa= T_—__ 
xallel of Latitude is 39 leagues | 
from the Meridian, according 
to the Queſtion, Draw the 
tide DA, which is thediſtance 
run, and take it off, and mca- 
{uxe. (.as before hath bcen 
lhewed .) alfo, take off the 
Courſe, by deferibingithe Arch 
[of '6o deg. BS, and taking it 
oitand applying it to your Line 
of Points (-as hath bcen fhews- | 
ed.) or to the Line of Chords, if you defice it in degiocs, - 
JD The 


34 Propoſitions of Plain Sailing, 
The Courſe made good, is North 52 deg. Weſterly. 
' The diſtance run is D A, 49 leagues 5. 


The like is to be underſtood of any other Queſtion of this kind, but 
this ſhall ſuffice. 


CHAP. IX. 
How to work any Travers by the Plain Scale. 
| E come next to treat of any Traverſes,that is, when there be: 
| many Courſes and: diſtances, how to ſet them off, and: to 


reduce the whole Work. to one Triangle, and from it to. 
be reſolved, 


The Firſt Travers. 


Adinit T ſet from a certain Port, and ſail Sonth South Weſt 60 leagues ;, 
from thence South Weft by South 40 leagues z from thence South Weſt by 
IVeft 17 leagues 3 from-thence South 40 leagues, Now if the Port Þ 
ſet from was in North Latitude 32 deg, 20 min. I demand what La- 


titude I am in, my departure from my firſt Meridian; as alſo my Courſe. 


#pon a ſtreight Line, and my diſtance from the-place T ſet # 


"*Or the reſolving of this, Firſt, draw a North and' South Line, as: 
þ AG, as ( from: the place that you propoſe to your {elf to ſet 
from ) take an Arch of 6o deg. 00 min. from your. Scale, ( and ma- 
king that the Angular. point ) deſcribe it, as OR, and ſet off two: 
points that done, draw the Line AB, and upon it ſet off your di- 
ance run from A, and it reacheth to B3 from B draw another North 
and South Line parallcl-to the firſt, as BS, and by an Arch of 6o de- 
grees ſet off your ſecond Courle, and your diftance upon it, and it 
reacheth toD; from D ſet off your next Courſe and diſtance, and it 
rachethfromD to E 3 then from E, upon a South Line, ſer off your 


Py en — lb nd. —_ —_— 7 Mo cc _. __— 


aſt diſtance run, and it 


reacheth from E to F, Now 


becauſe there is no more 
Gourſes and diſtances, 1 
conclude the Ship is at F; 
and therefore, if you draw 
2 Line from F to the Port 
you ſet fromat A, (as AF) 
it's apparently the diſtance 
you are from the Port you 
ſet from < after all theſc 
Courſes and diſtances fai- 


led ) and by the firſt Arch 
of 60 degrees, you may 


take off the Courſe made 


good fince you fet out, 
which is B O; *and if from 
the ſame-place, at the end 


of your ſailing, you let fall -* 
the Perpendicular F G, the :- 


length of it is the whole 
Meridian diſtance or depar- 
| t4re from your firſt Meridz- 
an; and A G is your whole 


difference of Latitude : which ſubſirated from the Latitude you failed 
from, leaves the Latitude you are now in ( becauſe you are in North 
Latitude, and have failed to the Southwards. ) They are, as follow- 


eth : 


The diſtance'xun AF, is 

The Courſe made good B O, is South South Weſt 
The difference of Latitude G A, is 

That fſubſtraed from 32 deg. 20' after it is conver- 


ted into miles, is 


performed by the Plain S cale. 


- 
* a * 
 » a 
*0 550 


The departare from the firſt Meridian is F G 


The like is to be underſtood of ar; 


150 leagues. 
1 deg. Weſterly. © 
8 leagues. 
d 25 deg. 26' 


59 leagues Weſt. 
y othex Trayers of this nature. 


G 


Travces 


Propoſitions of Plain Sailing, 


Travers the Second. 


. Difference of Latitude, and diſtance run, being given, to find 
the Courſe and departure. 


Admit T ſet from ſome Head Land, axd ſail upon ſame point between the 
South and the Weſt, 56 leagues, till 1 alter my Latitude 1 deg. 3o'; 
from thence upon ſome point between the South and the Eaſt' 37 leapnes, 
tll T alter myTatitude 1 degree 3 from thenoe upon ſome point between 


the North and the Eaſt 30 leapres, till T alter myLatitude 10 leagues ; 
T demand, as before, | 


*J* His Travers is wrought as any other Queſtion, where the difference 

. of Latitude and diſtance rn 15 given, onely from the conclufgon 

of every Angle draw a Nbrth and South 

; D Line parallel to the firſt , and do as 
though it. were another Queſtion. of 
that nature , till you have: fer them all 
off, obſerving, tw {es your Courſes in 
the right quaciers.of the CompaG'3. and 
then draw the Line /.D: from the-place 
the Ship is at,,ta the place: youſet from; 


+4 = 


- 
I 
. 


x 


penn and {© you. have AD: for your whole 
: e-  CQiitance. ranting: yew came outz: AB 
: Gianni . fox your. whoic: Meridian diſtance, SR 


is the Courſe made good from thie 
lace I ict. out ; All which, are as followeth, ** / 


" AD-the diftance is ns 53 leagues. neareſt, 
AB the Meridian diſtance, I'11 leagues, 
SR, the Corſe made good, 1s North: 16 leagues Eafterly. 


BD. the diftrence of Latitzd:, + 33 leagues Weth 2:degi 54+ 


travers 


al : ®, "wp os 7 
a "> 


performed by the Plaine Scale. - 94 
Travers. the Thud. 


Courſe ard difference of Latitude gives, 20 find the diſtance 
run, aud de parture.. 


Mtlmit a Ship ſets from a certain Port, and ſails Sonth Faſt by Soxth, till 
be alters bu Latitude'r deg, 3o' 3 from: thence South Eaft, till ſpe alters 
ber Latitude 1 deg, 3O' 3 then North Weſt by North, till ſhe alters ber 

| Latitude 15 leagues, and then obſerver, andiy'in the Latitude of 40 
| . deg. ov' North 3, Tdemandithe Eatitude of the place ſhe ſet from, and 

. berdeparture' from her firſt Meridian. 


7T His, Travers is wrought as any other-Queſtion, where the Courfe 
KL and difference of Latitude 1s given, -onely from the end' of every 
| Gourle and:diff:rence of Latitude laid: down, draw a North-and: South 
Line paralle} to the firſi, and do as '.- 
| though it, were another Queſtion. of - 4 


| that kind, till you: come: to the:end of ' ! 
| the Travers, and then.let. fall the Por 1: 
i pendicular AD, and draw the Line _: 
| D GO, and refolve the whole Travers, 3 
aj-betbre in the:lafil Eran; only. ob 5 


{rye jn this; and atl:other Traverſer, +5 

that you: fet your Angles: iv the right Api 
quarter of the Compaſs; as: hexethe ÞT—__ 
third Gonris: 18:North Wet by: North; T1 os 
and therefore] fot itoffifromthe North = | 
and Sontii: Line FN: towards Riiwhioh | 21-208 | 
is tera! the-Neonthc to the Weſtwards:2-pothts; always making (as I 
(hewed; betors):tHatrpart-of your Book that is rightfrom you,the Nbrth 
partz: and: fo theſaCourſes in the'Travers repreſent the Lines that: they 
be draw: tor; Phe Anſwer of th: 


SS 
nuunnusy 


\) 
| oO 


is Travers is as followeth. 

The d:jt ann 71Upon a: (txcight' Eine, is5D'O + 175 miles. 

The Courſe made good is LS, the meaſure of the Nous dos Tent. 
L \ C ih gt 4 © [ 1? 


The departure from the firſt Meridian is D A 120 Miles, 
at is 1.2 AN 45 4% ” TPP F- n ; ; 1 _ 6 F -\ » - p5 4 

ibe differeace of Latitade from the place I fet, iA© 135 miles. 
II 3 OE TT FT 8 TT oe f ; 
And bY conlequence the Latituae 7 {et from is A 2 aes, I5 


} "YR OO WRAY SPRINT AE DS BESEATE tc, PILOT « FA ps, p L + Ye 
becaule kan lo much more SOutherly than that Latitude that ] ſet from, 
R. aq uy 1 44 WH % CG F : "% of o.) - 2 « }. . C . Ry \ Þ- q TY, 
by -tie-dilexence of Latitude, And. thus is apy Txayers.0% tris nature 
. : > 4 ; : L 4-7 
relolycy, " { rayers 
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Propoſitions off Plain Sailing, 


Travers the Second, 


Difference of Latitude, and diftance run, Heing, given, te find 


tbe Courſe and departure. 


Admit I ſet from ſome Head Land, xd ſail upon ſame point between the 


South and the Weſt, 56 leagues, till 1 alter my Latitude x deg. 30”; 
from thence upon ſome point between the South and the Eaſt' 37 leagmer, 
tll T alter myTatitnde 1 degree 3 from thenoe pon ſon point between 
the North and the Eaſt 30 leapres, till I alter myLatitude 10 Feapnes ; 
T demand, as before, | 


"His Travers is wrought as any other Queſtion, where the difference 
of Latitude and diſtance run is given, onely from the conclukon 

of every Angledraw a-North and South 
D Line parallel to the firſt, and; doi as 


\ though it. were another Queſtion. of 

\ that nature , till you have: fer them all 

: , off, obſerving, t& {es your Courſes ini 

: % the right quarters.af the CompaG43. and 
OI OT then draw the Liner/.Di from the-place 
: : the Ship is at,,ta the place: youſet from; 


treat o $a ——_ 


A, and {o you. have AT: for. your whole 
Clittance. ran, tinge: yew came out: AB 


J \*R., for your. wioic Meridian diſtances, SR 
Ghaays 56k" | EE 0 . 1, ” 

is the Courſe made good from tlie 

place I {ct out : All which, are as followeth, © / 
_ AD-+the dance 1s ;Lhgs 59 leagues. neareR. 
AB the Meridian diſtance, TEL Þ I'h leagues. 
: S'R,the Comrſe made good, is North: 1v6-leagues \Eafterly. 
\_. BD. the difftrence of Latitude, i: 33 leagues Weth 2:degi 5 4 + 


1travers 


oder 


performed by the Pen Seale.— 7 
Lravers the Thad. 


Courſe and difference of Latitude given, zo find the diſtance 
| run, aud' departure. 


dthmit a Ship ſets from a certain Port, end ſails Sonth Faſt by  Fouth, zill 

be alters bu Latitude'r deg. z30'; from-thence South Eaft, Jil ſhe ahers 

| bey Latitude 1 deg. 3Oo'3 then North Weſt by North, till ſhe alters ber 

| Latitude 15 leagues, and then obſerves, andiii'in the Latitude of 40 

deg, oo' North 3. T demundithe Latitude of the Place ſhe ſet from, and 
ANOEPR from her firſt Meridian. 


=His, Travers is wrought as any other:Queſtion, where the Courſe 
» 4K and difference of Latitude is given, -onely from the end' of every 
Courſe and:difference of Latitude laid! down, draw a North: and: South 
Line paralle] to the firſt, and do as '- 
though it; were: another Queſtion of. v. 
that kind, till you: come: to: the:end oft ' 1% 
the Trevers, and: then:ilet. fall the Per- 
pendicular AD. and draw the Line 
DO, and reſolve the whole Travers, 
agþbefbre inc thelafilDranmys; onthy ob-: 
{erve jm this; and atlother Traverſer, 
that you: fet your Angles: iw the right 
quarter of the Compaſs; as: herethe 
third Courts: is North Welt by: North; 
and whertforel fet itoffifcomrthe North: 
and South: Line EN:towardsRywhioch:” 
is; trern! thez-Nemtho to the Weoſtwards' 21 oihts, adi lanka Cas] 
(hewea: before): thatrpart-of your Bok t that is'rightfrom you, the Nbrth 
part: and;fo theſaCourſcyin the'Travers inks the Lines that" they 
hedraw for; Þhe Anſwer of this Travers 1s as falloweth: 

The di/tamm rYaniupon ai freight Eine, is*D'O' | 175 miles, 


The Corrſe made 

Ang! " oe on good is LS, the meaſure ha 5 0.43 deg. te flerly 
The departure from the rſt Meridian is D A 120 miles, 
The differe ice of Latitsde from the Place I ſet, 5s AQ 135 miles. 
And | by conlequence the Latitude I ſet from is 42 deg. 15" 


ule kam {o much more Southerly than t hat Latitude that I ſet from, 
by-thf- difterence of [ LAtLuSE, Ang thus is apy Txayers.0% this nature 
relolyved x Trayers 


38 Propoſitions of Sailing, 


Travers the Fourth, Of South Latitude. 


Admit I ſet from South Latitude 50 deg. 00', and ſail South by Weſt 42 
leagues, from thence South Weſt 40 leagues, frone thence South South 
Eait 25 leagues > I demand what Latitude I am in, and my Courſc 
ſailed, my diſtance from the place I ſet, and Meridian diſtance. 

His Travers is proje&ed and reſolved as the firlt Travers was, and 
J] therefore it is but ſuperfluous to ſay any thing of it ; but in the 
concluſion I find I have differed my Latitude 94 leagues &, and it is 
demanded of me what LatitudeI am in. Now becauſe I am in a Sou- 
thern Latitude, and my difference of Latitude is Southerly, therefore my 
Latitude is increafed ſo much as my difference of Latitude is; fo that 
I muſt adde that to the Latitude I departed from, and it makes the La- 
titude I am now in 54 deg. 44'. 
|  Anll thereaſon is plain : For if you are in a Northern Latitude, 

and fail to the Northwards, your Latitude increaſeth 3 fo likewiſe, if 
you be in a Southern Latitude, and fail Southerly, your Latitude muſt 
Increaſe, for the ſame reaſon. 


Thus much for Traverſes protraQed3_ which I look upon to be ve- 
xy tedious atSea to do it this way 3 for ſometimes by contrary Winds 
a Ship may make five or ſix. Courſes in twenty four hours, and to pro- 
tra& them thus, would be very tedious : and therefore my Father 
made a Table of Gourſeand Diſtance, that gives the difference of Lati- 
tude and departure very readily z and becauſe it is (by ſome body) al- 
moſt ſpoiled, for it is printed with Complements below and above, and 
Latitude (et in one Colume, and Departure in the other, which makes 
nonſence of that Table, which ( as it was meant and printed from the 
Original Copy ) was the plaineſt and eaſieſt of Tables 3 and that Pll 
make appear by ſeveral Examples. The Table ( according to my Fa- 
thers delire ) is inſerted in this Book, as he firſt did them. But to 
proceed to the Ule of the Tables. 


= g0 » N F © c f 6 | b ; FF _ OE WEE * 
# "Co VY NR 65 7 La ids. & TS Sg Mea db I "- »;/ x to -4 ha , ; Pas Ln "Ur Y F _ b > 3% 
ER 5 4* 4} 4 3 RS Ko F Nr 0 —_— ax" : Se PS N of T "uy A, by, "IC is © Ids bo fo 0 f "; '> 1 Ther Ss " Pte by % of » 
mY , -y *: þo BA [ ME i | p > 
- S.. ” 
- Pre'oy 8, 
4 Ci 
' X 42 
FAk 
. 
& 


—_—k—— ——_—_ 


= —— — — wa. A kg _— —_] I” 


_ UOHAF. 
| The Uſe of the following large Table of Longitude 


and Departure, in working of Traverſes. 


Example the Firſt, 

Admit I had a Travers as 1his # that followath, 

of South. Eaft, : 

' Þ. South by Eaſt 10 miles 9. 8 TI. 9 or 11 deg. 
t 2. Then South Eaft.by South 20 miles 16, 6 11. 2 or 34 deg. 
- 3. Then South South Eaft' 24 miles 22, 2 09, ©: 


4.» Then South Eaft 15 miles 10, 6 10.6 


E South 59,2. Eaſt 32.7 


Or the working this Travers, I look in the Tables for the firſt Courſe,. 
F and becauſe it is one point from the South, I take the: Southing 
- | undex 11 deg. oe' ( which is the neareſt to one point ) and againſt 
s | the diftance run upon that point, which is 10 miles, I find 9 miles. 
- | 8 tenths of a mile ; and in my next Colume I find 1 mile 9 tenths for. 
r 


my Eafting, ( which is under 79 deg. my Courſe from the Eaſt ) (et it. 

- | down as in the Example before ; then Tlook for. my next Courſe, and: 

- | it's South Eaſt by South ( which is three points from the South to the. 

d | Eafiward, or nearefi 34 deg. _) under 34 deg. and againſt 20 miles (the 

Ss || diftancerun) T find 16 miles 6 tenths for my Southing, and 11 miles. | 4 

e | 2 tenths for my Eafting: Andyin like manner. do by the reft, Now: 3 

Il | having taken them all, I adde up my Southing, and it makes 59 miles. J 

- | 2 tenths; and my Eaſting added up, makes 32 miles 7 tenths. 

0 If you would know your Courſe made good, and diſtance run- upon. 
that Courſe, then-look for. your. Eaſting and. Southing inthe. Tables, 
where they will anſwer in one line, and againſt that in the ſame line is 
the diſtance run, and over your Southing is the Courſe made good 

from the Meridian of South Eaſterly, In this Caſe, the diſtance run. 
is 70 miles, my Courſe South 33 deg. Eaſterly. 


Example. 
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Propoſitions of Plain Suiling, 


Example the Second. 
* Admit this 24 bours I. have ſailed as followeth. 


1 | | South. FEafbe North 
Seath South Eajt 15 miles - 13. 9 05.6 00. 0 
South South Weſt 15 miles 16. 7 OO, © 00. © 
South Weſt by South 20 miles 16, 6 00, © ©0. © 
Eaft by North 18 miles 00. 0. 17.7: 03. & 


47e 2 23.3 034.4 
3.4 27.9 _ 


South 43. S Eaſt 05, 4 


F©Or the wotking of this Travers, take the Courſes and difiances out 
þ of the Tables ( as before ) and againit them is the difference of 
Latitude and Departure, as was {hewed, and as here appears 3 but obs 
ſerve to put your Noxthing and Southing, Eatting and Wefting, di- 
Rin, as you {8 it done Here: and when you have done. Adde them 
up ſeverally 3 and then {ubſtract the lefler number, whether of your 
Southing,or Northing, frumthe greater, and the remainder is the dif- 
ference of Laticnde, cither South or North; as in this caſe the greateit 
was Sontherly, now the Northing being ſubſtraed, the remainder is 
43 miles '8 tenths Southing 3 in that reckoning alſo,the ,greateſt Meri 
dian diſtance was Eaf, Thave taken the Weſting from it, and the:xe« 
mainder is-5 miles 4Wgths clear Fafting: And thus you may find your 
Eaftivg and Weſting, Nothing and Southing, in any Travers or fingle 
Conrſe, which is ſufficient tor any man to keep a reckoning at Sea by, 
& inderd the only way that 1 know,unlc{sthere were ſome way to find: 
the Longitude by obſervation, as well as the Latitude-z ( which thing, 
I purpoſe to ſhew'as ſoon as I can cothe to it.) Now-I would wiſh 
every 'man fo keep his reackoning by Latitude and Longitude, for fo 
he is ready at all times to give his account either to himſelf, or any. boe, 
dy fe, as Fil prove by the Examples oft Reckonings following aftcy. 
the Table, which I'thought good here to infert, 
Vote, that this Table goeth but to 100 miles diftance run, but if your 
_ diftance be more, take it at twice, thas: - 5 
Admit the Courſe were North 31 zeg. Eafterly 142 miles, I ſet it 
«1925, and acde them togethers 
; 4.4 


Nath 
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| Example the Second. 
Admit this 24 hours T.have ſailed as followeth. 


TIO. 4 South. FEdfpe North Wiaft, 
Sorth Sonth Eaſt 15 miles . 13. 9g 05,6 .00.0' 06.0: 
South South Wefk 13 miles 16. 7 O®, © OQ. © 06, 7 
South Weſt by South 20 miles 16. 6 ©0, © ©0. © II. 2 
Eaft by North 18 miles 00, © 7:7: ' OJ» 4 00,0 


476.2. ..034\g\ 7 934 - 17.9 
3.4 27.9 5 


South 43. $ Eaft os. 4 


Or the wotking of this Travers, take the Courſes and diſtances out - 
of the Tables ( as before ) and againit them is the difference of 
Latitude and Departure, as Was {hewcd, and as here appears 3 but obs 
ſerve to put your Noxthing and Southing, Eafting and Wefting, di- 
tin, as you {Ce it done here: and when you have done. Adde them 
up ſeverally 3 and then lubſirad .the lefler number, whether of YOur 
Southing'or Northing,'frumthe greater, and the remainder is the dif= ? 
ference of Laticade; cither'South or North; as in this caſe the greateſt } 
was Sontherly, now the Northing being (ubſiraRed, the remainder.is 
43 miles '3'tenths Southing 3 in that reckoning alſo,the greateſt Merie 
dian diſtance was Ealff; Thave taken the Weſting from it, and the:xe- 
mainder is '5 miles 4 Wgths clear Eafting: And thus you may find your 
Eaftivg and Wefting, Nothing and Southing, in any Travers or fingle 
Conrſe, which is ſufficient tor any man to keep a reckoning at Sea by, - 
& inderd the ofily way that 1know,unleſsthere were ſome way to find. 
the Longitnde by obſervation, as well as the Latitude ( which-thing.. 
I purpoſe to ſhew'as ſoon as I can cofhe to jit.. ) Now-I would wiſh 
every'man to keep his reackoning by Latitude and Longitude, for fo 
heis ready at all times to give his account either to himlelt, or any. bo-, 
dy fe, as Fil prove by the Examples of Reckonings following ajtcs. 
the Table, which Fthought goed here to infert, * 
Noe, thit this Table goeth but to 100 miles diſtance, run, but if your 
-* diftance be more, take it at twice, thus: - & 
Admit the Courſe were North 31 eg. Eaftcrly 142 miles, 1 {et it 
+1125, and adde them together, 
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OR 1 


performed by the Tables. 4a 


North Eaſterly 31 deg. 100 $8;.7 $1.0: 
North Eafterly 31 dep. 04.2 36. © 21, 6 


North 21, 7 Eaſt 73.1 


© 
Mr. Colſome hath taken the liberty to tranſcribe the following Table, 
and placed it in his new Kalendar, but with ſome Alteration and need- 
leſs Addition, gnd then Is pleaſed to call it, 4 Table larger and better 
contrived than "any of this nature yet extant. Now for the inlarging 
of it, he hath calculated a Golume for every quarter of a Point of the 
Compals, which ig.a very uſcleſs thing 3 no point or quarter falling 
above 3o minutes of a degree of the Compaſs ( which is not one two 
and twentieth part of a point of the Compaſs ) from what's done by 
my Father many years fincez and for 24 points of the Compaſs but 
' 15 minutes of a degree ( which is neither of them to be minded : ) 
But I think he never uſed the Sea, and fo may believe that a man can 
{ail to-a hairs breadth at leaſt. But I would fain know if the quarters 
of paints muli be done fo exaGtly, why every degree of the Compals 
ſhould not as well be divided into ſitch nicities? Now for this and his 
writing Latitude in one Colume, and Departzre in another, againſt the 
Diſtance, ( very contrary to my Fathers meaning, and moſt; mens un- 
derftanding ) avd Compliments below and above, ( which is very 
odde ) he intimates himſelf to be the Author of the whole Table 
which is implied in theſe words of his :. ( page 132 of his Book ') This 
# a Table larger and better contrived than any of this nature yet extant, 1 
wonder at his Confidence, to venture to print ſuch a Table for his 
own, which was publiſhed by my Father many years before he was 
born,and is onely ſpoiled by Mr. Colſome in his aſſumcd Book 3 and by 
ſomebody of late, who hath printed jt after the ſame nonſencical man- 
ner ( the quarters of points excepted ) in my Fathers Sea-mens Prg- 
dice. i 
The Tables here following are as they were friſt defigned to be prin- 
ted by the Author 3 the quarters and halt points were done by Mr. Phi- 
lips; and fince that, by Mr. John Sellers : fo that they are no way in- ' 
larged by any invention of Mr, Colſome, though he is pleaſed to ſay ſo. 
But 1 wonder at it, fince I ſaw his Arrogant Epiſtle to poor Captain 
Sturmy's Magazeen \ but extreamly at the Stationers, for {uttering that 
Epiſtle to be printed, notwithſtanding he received a contiderable fum 
for his pains to corre& and purge that Book of the impertinencies 
and abſurdities ( committed by the Author , and omitted by Mr. 
HP. in the firſt imprefſion. ) I ſhould be thankfu), if any man mud 
7 ew 


i 


ſhew trte what real improvements Mr. C. or any man 'elfe hath made 
tothe latter Editioh, more than an Arrogant Epiſtle full of ungrateful 

Reflections on the Author 3 and aſter eighteen months conſideration or 

reviewing the Copy, which ſome are apt to believe might becn done in 

leſs than eighteen days, to much better purpoſe 3 though he intimates 

that he: had added the DotFrine of Spherical Triangles, ( if his own ) 

it's inviſible to all men bat himfelt : for all the twenty eight Caſes, I 
Find them taken ont of Mr. Gifibrand's Trigonometyy, Fherein he gives 
us but two Examples, What's added in 4ftronomy, I as yet know not ; 
for havirug note of the Books by me of that Edition, I cannot examine 
nor compare it with the laſt : yet for the Dyalling, the little that ap- 
pears of it, ſeems to be Mr. Fofter's, publiſhed many years before. The 
fixft Book of Geometry, and that little he hath added of Surveying in 
the fifth Book, is wholly taken out of Mr. Leybours's Compleat Surveyor. 
The Gmihery and Five-works, from Mr. Babington and Mr. Nye's Books 
on that ſabje&t, And I'doubt not, had I time to trace our Corre&or 
throughout, he might have ſpared his Refledtion on Mr. Sturmy, and 
beftowed then upori his Pay-mafters. How mean, and unlike an Artiſt, 
ſich praices ate. the fruthor beirſg then dead, I leave to any man of 
#hce tojudge, What he hath ſaid concerning the managing of a Ship: 
m all Weathets, is Captain $Saltenftal's, printed above forty years ſince, 
wt his Navigator. ; 


Before I come to the large Tables that are calculated to every degree 
of the Cortpats, | have thought good here to inſert a ſmall Travers- 
Table, with its Uſe, which is very exa& and (ſpeedy; and I call it, 4 
Table of Northing and Soutbing, ( never in print bcfore, as I know of. )) 
But further Uſes of the large Tables, ſhall follow after them, 
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| CHAP. XF. 
A Tab!: of Northing and'Sonthing, Faſting aud We- 
fring, 70ewer Point, half Point, and quarter Point 
_ of tbe Compaſs : With its Uſe. 


= His Tabic is very eafte, and performs the work of the larger to one 
quarter. of a Point of the Compaſs. The manner to'work. by, it 

is'as followerhy, OY | ; 
The 


| 


—_—_— 


| perfor med by the Tables. - 


—_— —— 


The Table of Northing and Southing, 5c. 


i. 


Whatfoever your diftance run is ( whether you take it in miles or 
leagues) multiply it by the numbers which ſtand againſt the Point of 

' the Compaſs you fail upon in the Tables, caſting away as many figures 
of the product to the right hand, as you took out of the Table, name- 
ly three, and the remainder is (one) the difference of Latitude , the 0- 
ther is the Meridian diſtance and the figures cat off a thouſand parts 
of a mile or league in each. But to know which is difference of Lati- 
tude and which departure, conſider whether your Courſe be nearer the 
Meridian of North and Soxth, or the Parallel of Eaſt and Weſt; it 
nearer to the North or Soxth, your difference of Latitude is the greateſt. 
number; but"if neareſt to the"Eaft or Weft, your Meridian diſtance is 

the greateſt, (and this your own reaſon mult give you.) 


Queſt. 


| 
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44 "i ropoſitions of Plain Sailing, 


Queſt. 1. 


Admit T ſet from a Head Land, and ſail South Weſt by Weſt 70 miles, 
I demand my difference of Latitude, and departure from my Meri- 
dian. 


Look for. 5, points, or three, in the Table, and find againſt it in the 

two middle Columes 831 and 556 I multiply theſe two 
numbers by 70, 70 70 | 
The Diſtance run , 7 

and they produce - 58, 170138, 920 

I conclude then that my departure from the Meridian is 58 37 
miles; that is, 5% miles, and 17 hundred parts of a mile. And my 
difference of Latitude is 39-;3z3 miles, or 38 miles, and 92 hundred 
parts of a mile, which is near 39 miles. And the reaſon why my de- 
parture is, the greateſt, is, becauſe my Corrrſe is more Weſterly than Sox- 
therly. The like is to be underſtood of any other. 


Queſt. 2. 


Admit T ſail North, three quarters of a point Eaſterly $1 miles, I demand | 
my difterence of Latitude and departure from the Meridian. 


Gainſt three quarters of one Point of the Compaſs, 1 look and: 


find thele numbers 140 and 989 
| 81 GI 
140 989 


LI2O 


T confider here, my Courſe is nearer to the North than to the Faſt 
therctore my d:fſerence of Latitude 1s $0 ;392 or ;2 miles that is, $o- 
miles, and one tenth part. of a mile. And my Meridian diſtance is 
FI 52.5 Or ;} miles; or 11 miles, and 34 hundred parts of a mile. 

And let this ſuffice for the Uſe of this little table. But before I come. 
to few the Ules of the following large Tables, I will firſt ſhew. you 
how. the ſame Tables are made 3 which take briefly as followeth.  : - 


CHAP. 


performed by the Tables. 


_ — _ 
—_— — — 


= VS AT Oh 
The Conſtruction of the Table of difference of Lari- 
tude and Departure. 


Uppoſe that I ſet fail from a Port upon a Gourſe 58 degrees 
from che Meridian, and fail thereon 85 miles; I would know 
then how much | have altered my Latitude, and how much I 

bave departed from the Meridien I ſet from. 


The Proportion is, 


T. For the Departure. 


As the Radins, or Sine of go degrees v6 ca 


Is to the Logarithm of the diſtance run, $5 miles I. 92 942 
So is the Sine of the Courſe from the Meridian 58 deg. 9. 92842 


To the Logarithm of 72. 1 miles the departure 1. $5784, 
. 2, For the differences of Latitude, 


As the Radins, 90 degrees IO. G0006 


Is to: the Logarithm of the difiance run 85 miles I. 92 942 
So is the Sine Complement of the Courſe from the my FORD 
dian 32 degres F798 


To the Logarithm of 45 miles, the difference of Latitude 1. 653 63 


And if you look into the following Table, under 55 degrees, and: 
againſt 35 miles, you (hall find this number 45..0 miles tor the difference 
' of Latitude. 
And (in the ſame page and line) under 32 degrees, and againſt 3o,. 
you ſhall find this number 72. 1 miles for your departure. 
And in this manner may you find any other mwnbers in the Table 
following. 


4'6 Propoſitions of Sailing, 


And becauſe the Titles at the head of the Table are by degrees from 
1 to 45, and returned back again by their Complements to godegys 
| have here inſerted this Table ; whereby, (if your Conrſe be given you 
in Points, or Points and quarters of Points of the Compals) you may rea- 


dily know what degree in the head of 'the Table you muſt take infiead 
thereof, ac 


' 


Example. 


Suppoſe your Courſe given were S by E a quarter of a Point Eaſter ; 
Look in' this little Table for this Point, and quarter , and agairſſt ic 
you ſhall find 14. deg. 4 min. {0 that inſtead of S by E a quarter of a 
Point Eafterly, you muſt make uſe of 14. Te. in the Table, which is 
the neareſt number of degrees thereunto: Alfo inſtead of NE by E 


half a Point Eafterly, you muſt take 62 degrees, it being the neareſt in 


the Table to 61 deg. 52 min. which ſands againſt NE by E half a 
Point Eaſt, &c, 


performed by the Tables. 


Le 


A Table ſhewing the number of Degrees and Minntes, that each 
| Point and quarter of a Point of the Compaſs makes with the) 
Meridian. 


" South, 


I North. 


S by W 
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Latitude # Departu 
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Departure, | | _Departure. | 
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| 37+ © 1 7L.0þ 
5| 38, © 72] 72-0.þ 
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CHAP. XIIL 
The Uſe of the Tables in Plain Sailing. 
T*” Tables (as I ſaid before) Mr. Colſome hath been pleaſed 


to place in his Book called his New Kalendar, and both there, 

k. and of late in my Fathers Seamans Praflice, they be printed 
with Complements below, which my: Father (were he alive) would' be 
aſhamed to ſee : for without that, *tis far eaſter to know the Soxthing 
or Northing, trom the Eaſting or Weſting, by the Courſe from: the Soxth 
or North, Eaft or Weſt > for let the Courle be what it will, from the 
North or South, under that is the difference of Latitude in the Colume, 
againſt the diſtance; run 3 and let the Coxrſe be what it will from the 
Eaſt or Weſt, under that in the Colume againſt the diſtance run, is 
the Eaſting or Weſting : As, ſuppoſe the Courſe be South, 40 degrees 
Weſterly, againſt the diſtance run, and under 40 degrees, is the diffe- 
rence of Latitude, and againſt that, in the next Colume, is the Merid;au- 
diſtance, and the Courſe from the Eaſt or Weſt is 50 deg. over that Colume, 

(as you may {ce in the Tablcs:) 


Flow to keep a Reckoning by the Tables. 


Suppoſe upon the 10th of June 1683, being Friday, I departed from a 
certain place that lieth in 32.deg. 20' (of North Latitude) and ſailed 


as followeth. 
Day 
Tune 10 Courſe, Miles, North. Weſt. 
11 Saturday |NWbyN go | 74 6| 50 3 
12 Sunday kW. imo 70 71: 70:7 
13 Monday NE: | $þ 4 62 31! 62:3 
| 0-70 -748:79-7 
14 Tueſday | NW | 100 4 p = « 
15 Wedneſday |} WNW | 100 | 37 5Þ 32 7 
16 Thurſday | Welt i100 | oo c| Ic0 © 
17 Friday, Welt 78 | oo c> 78 © 


an Plain $ ailing. bl 


For-the working this, Tlook in the Tables ( before fet down ) and 
conſider the Gourſe is 34 deg. neareſt ( look for 34 deg. ) and againſt 
the diſtance run, the firſt day 90 miles, in the Culume under 34 deg. 
1 find 74 6, that is, 74 miles 6 tenths; which is my Northing made 
that 24 bours, becauſe it's under the Courſefailed from the North: In 
the next colume, and under 56 ep. I find 50 miles 3 tenths for my 
Weſting, becauſe *tis under my Courle from the Weſt : Set it down (as 
you ſee againſt Saturday) and when *cis in that order, I have my Co- 
lumes ruled '( as here following you ſce ) for my Reckoning 3 and ſet 
down the 11th Saturday. Before you proceed farther, confider what 
you muſt do with your difference of Latitude : Now becauſe 1 am in a 
North Latitude and have gone to the Northwards, therefore this 74, 
miles 6 tenths, or 75 miles, (for 6 tenths is above half a mile) muſt be 
converted into degrees and minutes, by dividing of it by 60, and it is 
I deg. 15': that adde to the Latitude I departed from yeſterday, vis. 
32 deg. 20',and it makes 33 eg. 35' (the Latitudelam in to day); fect 
it down in your Reckoning agamfi Saturday, and in the next Colume 
beyond it ſet the Meridian-diftance 50 miles, and fo the firlt Line of 
the Reckoning will be read thus: The 11th day being Saturday, IT was 
' inthe Latitude of 33 deg. 35', and had Weſt Meridian-diſtance 50 miles. - 
And this is the meaning of the firlt days Reckoning. 

The next day being Sunday, I work the Courſe and diſtance given, 
as before is ſet down 3 and when I have added my Northing, as be- 
fore, I ſet it down as you fee in the following Reckoning 3 but my Me- 
ridian-diſtance being Weſting, I adde it to the Weſting yeſterday, and | 
it makes my whole Weſting to this time : 


: That yefterday. was - 050 miles. 
That to dav is 071 miles. . 
The whole is '"B&k 


Set down 121 miles in the Reckoning, and it flands as-in the fe< - 
cond Line of the Reckoning. And doing thus daily, you have your - 
whole Meriaian-diſtance for any day of your Reckoning given, by adding, | 
two numbers together. 
If it fall out, through contrary winds, that you make Eafting when - 
you would make }eſting, (or the contrary, as in the third days work ) 
ſubſtra your Eaſting ſo made, from your Weſting, and the remainder 
will be your whole /eting: The like is to be underſtood of the reſts. .. 
And this is a true way of keeping a Reckoning by Plain Sailing, Now |. 
tt you demand how you ſhall do at avy time to know the baring and : 
diſtance 
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diſtance from the place you ſet, I anſwer, you have your whole Merj- 
dian-diſtance, the Latitude you are in, and the Latitude you {ct from, to 
find the Coxrſe and diſtance 3 and if you will, you may make a Colwume 
for the whole difference of Latitude, and carry 'it along as you do the 
whole Meridien-diftance ; but I think it needleſs, becauſe it is but ſub- 
ſiraQing the leſſer Latitude from the greater, and converting that into 
miles, and you have the (ame thing. | 

Theſe plain Reckonings doth well enough to and from places near 
the Equinofial, or to any places that you come back near the fame way 
you went ont, but in other runs not-: For the World is round, and Pa- 
rallels as they come nearer the Poles, are leſſer than great Circles ;, {0 
that if a man be bound from London to the Weſt Indies, it may happen 
that Weſterly winds may carry him fo to the Southwards, that he may 
make but little Meridzan-diftance till he comes as far Sogtherly as 
25 degrees 3 and when he comes home, he may be ſet to the North- 
wards by Eaſterly winds, ſo that he may make but little Meridian-di- 
ſtance, till he comes fo far to the Northwards as 35 degrees, or ſome- 
times 45 degrees. Now no plain Reckoning will come near the 
truth in this caſe ; but ſome other way that will meaſure the World, 
(which is a Globious Raddy.) However, this as I ſay, doth well in 
many caſes. The Reckoning is this following 3 which I call, An Ac- 
count of the Northing and Sexthing, Eaſting and Weſting, that we made 
in our Voyage from Bermuda to the Capes of Virienia, namely, Cape 
Henry, and commonly over the head of the Reckoning, right to ſome 
ſuch purpoſe, as I have done here. 


Re ON 


in Plain Sailing. 
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From Bermuda we departed the toth day of June 1683, being 
Friday, and were bound to Cape Henry in Virienia, which 


( 4s it is generally accounted) bath Weſt Meridian-diſtance | 


from that Iſland 420 miles, and lieth in North Latitude 


37 deg. Here followeth my Arcount of Northing and SOuth- ; 


ing, Eaſting and Weſting that Voyage. 
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; Mecric. | 
| Latitude diſtar | 


; | miles. 
35 050. 
46 121 
49 058. 
05 134 
43, 226 
43, 326 
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Saturday ob. 
Sunday obſerv. 
Monday obſer. 
Tueſday obſer. 
Wedneſday ob.|: 
Thuiſday ob. - 


(eg. mi. Welt. | 


Ac 


n 


| 
Things of note in the Voyage. 


Fair weather, the wind W SW. | 
\ hard Gale at N W byN. 
A freſh gale N W by N.we ſee a Ship. 
Fair weather, the wind $ W. 


The wind at Eaſt, fair weather. 


Friday obſerv. 


46 404. 


The wind at Eaſt, and fair weather. 


4_Welt, 


'7 
 JAnd> we tee Cape Henry and let it:, and it bore off us North North 
nd was diſtance by eſtimation, five leagues. 


| 


| 


| 


A fair Southerly wind, but variable.| 


= 


j 


hm 
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| F*Hus you may keep a Reckoning of the Meridian-diſtance, and the 
Tk MNorthing and Soathing of a Ship, any where, which I call Plain 


EEE ELIALI ans) 


_ 


Sailing : but (as I ſaid before ) *tis not ſufficient to know, and do this, 
| but we mult think of ſome other way to keep an account of the Longj- 


tude made in any Parallel ; which we will do, by turning the miles of 


| Meridian-diſtance into degrees and minutes (every day) and fo fetting 
it down in a:Col#me (for that purpoſe) added to this 3. and this is pro- 

perly called Mercator's Sailing, becauſe he fhewed the firſt deſcription 
of this way : and indeed that is the onely way to keep all Reckonings 

| at Sea, except a coaſting or ſhort run, ox other r#ns that a man comes the 


lame way home that he went out (ornear it) and in ſuch caſes, the a»: 
bove-mentioned Reekoning is exa&t enough. But for the doing hereof, 


it is neceſſary that you have ſomething that will ſhew you how many 
miles makes a degree of Longitnde, in any Latitnde ; and there is ſuch a 


Line called the Line of Longitudes, deſcribed vpon the Plain Scale, with. 
, In Chap, II, Fig, III, The Uſe of which 


CHAP. 


the manner of its Pro 


Sak I thall here ſhew you. 


}< 
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CHAP. XIV. 
Of Mercator s Sailing : And how to keep a Reckon- 


ing, according to Mercator's Projection, by the 
Plain Scale. 


down the firſt days work, as1 have there done, and the Meri- 
dian-diſtaice that I had the fitſt day, convert” into degrees and 
minutes in thoſe Parallels by the Scale of Longitude, thus: See what 
the middle Latitude that you failed through between yeſterday and to 
day was, by addivg them both together, and taking the half, and I find | 
it was 32 deg. 57'. Fix your Compaſles upon the Line of Chords, and 
take off that midadle Latitude \ that done, -carry it to the Line of Lon- 
gitude, fixing one foot in 60, and where the other foot falls, it gives 
the number of miles that makes a degree in that Latitude, which here in 
this cafe I find to be 50 miles to a degree 3 from which I conclude, 
that this 24 hours-1 have (ailed a degree of Longitude. Set it down 
in a Colume which you mult make on purpoſe for it, next to the Meri 
dian-diſtance, as in the Reckoning following 3 and it is eſting, becauſe 
the Meridian-diftance is Weſting. | 
Then for the ſecond days work, Take the middle Latitude between 
the firſt days work and the ſecond, which is done by taking half the 
difference of Latitude between yeltesday and to day (it was the half of 
71 miles) and adde it to the Latitude yefterday ( becauſe you increaſe 
your Latitude ) and it makes the middle Latitude 33 deg. 22', Note, 
That if your Latitude had decreaſed, you muſt have ſubtracted it : but your 
. own reaſon will give you that. This middle Latitude take out of your 
Line of Chords ( as before ) and apply it to the Line of Longitade from 
60, and the other fook will give 50 (neareſt) which is the number ot 
miles that makes a degree in that Latitude, - Now, becauſe the Merids- 
an-diftance is more miles than makes a degree, divide the Meridian-di- 
ſtance by 50, and the ©wotient is 1 deg. the remainder is 21. Say then 
( by the Rwle of Three.) if 50 miles gives 60 minutes, what (hall 21 
give? and I find it gives 25 minutes 5% or 7 of a minute ( which ira- 
ion) I regard not : fo that to conclude, I hind this 71 miles of rd 
kj 


. Dmit I have the ſame Reckoning to keep that I had before, ſ& 


. 


performed by the Plain Scale. ,, 99 
| dian-diftance is 1 deg, 25' ; Tadde this tomy Longitude yeſterday,which 
was 1 deg, and it makes 2 deg. 25', Set it down as you fee in your 
Reckoning. [n'this manner you. muſt ſet down the whole Meridian- 
diſtance, and difference of Longitzede in the laſt Colume 3 {o that no man 


can take you unprovided of giving him an account where you are, ar - 


where you were any day fince you ſet out. th 
Note, That if you be ſhortned by contrary winds, that you make 
Eaſting when you would make Weſting ( or the contrary } fo that you 
make your Longitzde leſs; then ſubſtrad it : but furely your own rea- 
ſon will ſaggeſt that. . This. may ſatisfie for Examples of this, nature : 
The like is to be underſtood of any other..” Os F 
Here followeth the Reckyning which ſhould bewrit over the head or 
. top of it, as the other is, or to that purpoſe 3 which I omit for brevity 
lake. A og 


The foregoing Reckoning according to Mercator., _ 
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* Week- |Latit, 
days. jd. m 
| -þ ; , 
11|Saturd. ob.\33 35] 005001 OOfFair weather, the wind W S W. 
I 2|Sauday 0b134 4 A bard Gale at NW by,N. . 
13|Mund. ob, [35 49 A hard Gale at N WbyN.. 
I4|Tweſd, ob, 136 o5' A fair day, the wind Southerly. 
«15|Vedneſ. ob.; 6 43[ 4 16\The wind Eaſt, and fair weather. 
16]Thurfd. ob.|36 47 20/The wird S E, and fair weather. 
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| Things remarkable in the Voyage. | 
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17 "riday 0b136-46 275 South Eafi, and fair weather, _ 
OTITIS Sod We fi -Hertry; and it bore N-N W, and by 


Y gi thus the Plain Scale will work the beſt way of Sailing to a 
, minujaroka degree, and leſs (if need required it). I call this of 
| Mercator's Sailing ithe eſt-way,of failing; becauſe *tis moſt in uſe ;,,and 
« Great Gixele Suilanggothe.naxelt-way:of Hiling, 'but cannot be uſed'fo | 
"much as this; becauſe the Land hinders you in moſt Voyages from fol- 
lowing that Archi that would -lead you the neareſt way. 1 would have 
all-men prize the Plain Scale : I am afraid there be many, men that 
work by Gunter, and the Tables of Logarithms, and the Square and (Cube, 
Scale, but deſpiſe it, and know 
O 2 "oof 
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not what they do in thoſe deeper things, for want of knowing this 
well. ( Thisasa Caution by the way,) 

1 do not know any better way of keeping a Reckoning than this , 
but it will be ſomething abreviated, when you come to work it by the * 
Complement of the Latitude, in proportion with Radins. But I ſhall 
come to that in order, wang 


But again, by this Plain Scale: 


Wwe you have found how many miles makes a degree in the mid= 

ale Latitude, your beſt way is to work your Meridian-diftance, 
thus : Say (by the Rule of Three) If ſo many miles (admit it were 49): 
gives 60”, what ſhall your Meridtan-diftance in miles give ?- what comes 
out, is leagues. of Longitude 3 that divided by 60 (it the number be a- 
bove 60) is degrees, and the remainder minutes. of Longitude 3 if leſs 
than 60, they be minutes, ml | 


CHAP. XV., 


"the Plain Sea-C har d. 


- . 


The Deftription or ProjeStior of i 


or any plain Plat or Draft. \**/'| 


6 


% 


Or Coaſting, the onely thing is ſagh Ghards or Plats-that have # 
large. Scale, and ſo the. true diſtances ayd Courſes from place to- 
- place will-be the more cx. the da pers the more perſpi- 
cuous, The mannex,of, making t  Pralis is-0n this wiſe, 
© Suppoſe Ftrave-a-Skirr or-clean- Skins-upon-a Board-{which. maybe 
reſembled by this following) and have a mind to make ſuch a Draft as 
this is here,by another 6f the ſame Seale : Pil cake off the- Land from the 
Other with oylcd Papers fitted for that purpoſe;and havirplome North 
"and South, Eaſt and'Welfl Lyfies driwh hete hrthigniins inohar;) Pl 
lay them Pipers with-the/Land'e@kewelP inthe by ho\fwnc:Lines 
here as I Aid*there,” and with a PenſiÞof brafs PH-ran thelLand over, 
and it will leave the impreſſion of'the \ſame' 6" the"dlean'Ptat, that 
" draw out ( ashere )3' this done;'from ohe Center (as here upon ©) 
"deſcribe a'Circle' with as large a Semi-djameter/ as the Board or Plat 
_ will'bear, and/divide it into four! equal parts, for-the North; wn, 
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The Uſe of the Plain Sea-Chard. 10+ 


- Faft, and Weſt points of -your Draft, and draw them, as hexeN © $ 
and W © E. '( Note, They muſt be parallel Lines to them Eaſt and 
Weſt, North and South Lines, whieh are drawn before you laid down 
the Land.) This done, divide your Circle into ſixteen equal parts; 
and from them parts draw from one of them, through every one of 
them, a Line from ſide to fide of the Draft, and it will make 3o points 
at the Center, befides the Meridian it {e}f: And becaule there are 15 
ſuch points, every one. will be two points for a North by Welt Line, 
drawn-through muſi be from that Center a South by Eaſt Line alſo. 
and fo of the reſt. As for the Line or two points which be wantingy 
in the next Center you wilt have one run by it; fo chat from your 
firſt Center ?*tis but drawing a Line parallel to it, and you have 32 

ints: and thus do. by the reſt, If you will, you may make but 
eight Genters, unleſs it be in a large Draft. 1 divided the firlt Circle 
here into 32 points, but 16 is the number that is uſed for theſe Cens 
ters; and therefore draw no more till your other Lines be all drawn, 


for fear of miltaking. 


CHAP. XVI. 
The Uſe of the Plam Sea-Chard. 


PP He Uſe of this Draft is very calic and common, fo that *tis but 
i ſuperfluous to ſpeak of it. However, Fl ſhew-it here, If 


| you would. find how one Lard bears from another; ſee what 
point runs neareſt from. one Land to the other 3 and-if it be not exact, 
take half between that and the next point, or a quarter, and run it a- 
long, and mind what point it is neareſt to, and which way your Fra- 
ion is from that point, and (o count their bearing, | 


EXAMPLE. 


I would know how the Northermoſt part of the Ifland at A bears 
from B, I fix my Compaſſes at-B, . and looking, I ſee the Line CB: 
Tun ſomething near itz but taking my Compaſſes,and from B ſweeping; 
that Line, I carry it along and find it bears ſome of the Iſland to the 
Northwards, and but a little ; ſo that 1 gueſs the Courſe will be ſome- 


thing more Welterly than that Line (which is South Weſt by Weſt ) 
: and 
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and therefore will count it South Weſt. by Weſt 5 Weſterly. The like 
of any other. | 

Secondly, if you would fet off any diſtance ſailed upon any Gowrlſe, 
take the diſtance from the Head Land or place to the point of the Com- 
paſs that you failed on, juſt {weeping it, and carry it along a good way 
from thence in that point 3 then lay your Scale from the place you 
would ſet off from, fo as the Compaſſes may juſt (weep the Scale, and 
take your diſtance that you would ſet off, and ſet it from the place by 
the edge of your Scale, and there is your Ship or the place you defire, 
becauſe the edge of your Scale is parallel to the Line or Point of the 
Compaſs you would ſet off. 

Thirdly, If you would know the Meridian-diſtance between two 
places, then take the neareſt diſtance between the place and the next 
Meridian-line that runs between them, aud carry that by that Line, 
till you come to have the other place Eaſt or Weſt off you, according 
as it falls 3 and that done, continuing that foot which you run from 
the Land in that place it falls to be, extend the other to the Head Land 
or place appointed, and that apply to your Scale, or graduated Meridi- 


an, and it gives you the miles or leagues of Meridian-diftance regui- 
'red. 


EXAMPLE. 


Admit 1 would know the Meridian diſtance between A and B, the 
mearelt Meridian-line to A is E 3 UI (weep that Line from A, and carry 
it in the ſame Line with thatexcent from the Line Wetialy, as I took 
4t,till I come to F 5. and then from that diſtance Welt there I'll extend 
my. Compaſſes to B, and apply it to my graduated Mcridian, and it 
-makes 37 leagues upon the Meridian, or 1 deg. 51', | 

If you would find the difference of Latitude between two wes, do 
the fn from Faſt ard Weſt Lines, as you did here from a North and 
South Line. 

Laſtly, if you wonld find the Latitude of any place, fake the cual 
diſtance between that place and the next Eaſt and 'Wekt Line between 
them, and run it along that Line till you come to the graduated Meri- 
dian, (keepivg the foot of your Compaſſes that you run frotn the place 


the ſame way) and it will cut the Meridian-line 1 in that Latitude which 
«the place lies in you delire, 


- If I would know what Latitude the point A lies in, I fix my Com- 
paſſes in A,” and ſweep the Line O, and run it to the Meridian-line, and 
it falls at K, which is 32 degrees, the places Latitude required. The 
like of any other. 


— — 


CHAP. XVIL. 

The Deſcription, Projetion, and Uſe of ſuch Tnſtru- 

ments as at Sea are fitteſt for Obſervation for 
fonding of the Latitude. 


| I. The Projettion of the Sea-Quadrant. 
Fig. [, T His Quadrant conſiſts of no more but 90 degrees, or 


a*quarter of a Circle : in the great Arch E F is 30 

. degrees, and in the little Arch $ T is 60 degrees, 

cut off upon theſe Arches, fron; the Arch of go degrees D CB ( the 

Arch DC being equal to EF, and CB Equal to T'S, and all of them 

deſcribed from that center where the Horizon Vain ſtands, which is at 

A) : ſo that for the making of it, 'tis but laying down the 90 degrees 

of the Quadrant D A B,. and from it proje& your Quadrant at what 

dimention you pleaſe; but commonly the ſemi-diameter of the little 

Arch ( whichis AS ) is one third of the ſemi-diameter of the great 
Arch AF or AE. 


Now to obſerve with this Inſtrument. 


Here are three Vains, as RKA: That at R is the Sight-Vain, 
that at K is the Sbade-Vain, and that at A the Horizon-Vain. 

The Horizon-Vain is {et home to the center of the Quadrant, ( as you 
may ſee at A); the Shade-Vain is always fet on the 6oth Arch at any. 
fifth degree, as at 5 degrees, 10 degrees, &c. and there remains with- 
out alteration 3 the Sight-Vain is always (et on the 3oth Arch, and is 
to be removed as the Sun riſeth, There-is a little hole in the Sight- 
Fain, through which you look upon a Line that is in the Horizon-Vatn 
from: 
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fromthe upper ſide of a ſlit there, through which you ſee the Horizon 3 
and this Vain is to be removed ſoas to ſee the Horizon, the ſhade of the 
Shade-Vain, and the Line on the upper edge of the Horizon-Vain, all in 
one exactly, and then it is right ſet 3 and as the Sun riſeth it will re- 
quire to have the Sight-Vain removed lower ( which do) Qill till the 
Sun be up-or upon the Meridian that day 3 and then you will find it 
will require to be removed back again : by which you know the Sun 
is upon the Meridian therefore let all fand till you ſee ir doth fo, and 
{ce what you have upon your Quadrant, thus. - - . : 

Count from the Sight-Vain K how many deg. there is to EF, and alfo 
what number of degrees and minutes there is on the great Arch from 
R to E, and adde them together.that ſam is the Coneplemeent of the Suns 
Meridian Aititude for that day 3 which work as I ſhall ſhew .( in Rules 
for=that purpoſe ) to find the Latitude. This Inſtrument is the beſt 
that I know, to obſerve the Sun at Sea with. -There is a Line from 
the little hole in the Sight-Vain to the Graduation from which you count 


what's upon the great Arch, This great Arch is ſo large, that the de- 


grces are ſub-divided into fix parts,cach part being 10 minutes of a de- 


oree, ſo that you may take it off to a near fſcantling 3 but to be more 
exaQ, that Arch hath commonly a diagonal Line on it, by which you 
may-take it to ſeconds of a degree 3 but with car@you may do as well 
without it. | 


IT. The- Projeftion of the Crofs-ſtaff. 


Fyzo, II. + upon a Board fitted for that purpoſe, draw the Line 

O AE, and from A raiſe the perpendicular Line -A LL, 
and (making A the center) deſcribe the Arch LE ( which is a Qua- 
drant ) divide it into two parts in the point S, .and the half SL di- 
vide into 90 equal parts, (though here *tis but into 9, by reaſon of the 
ſmalneſs of the Circle): Theſe parts muſt be ſub-divided each into ten 
parts in your work of that largeneſs for ule. And from A draw 
Lincs from every ſingle degree and 10 minutes of a degree, as here is 
done to every ten degrees. This done, for the 20th fide of your Scale, 
through-the 2oth divilton, at 20, draw the Line BO parallel to AT, 
and the diviſions will be made by the Lines drawn from A. 

Alſo draw ( for your 60th tide.) a parallel Line to Al from 60 in 
the Cirele, as C K, and the Lincs from A divides that: The like from 
90. And jn this manner is the Crofi-ſtaff projefed. But be very cx- 
act in dividing your Circle 3 for elſe it will fail much, it being the 
nature -of a tangent Line to run ſo edging to a Line it cats. The 


divihons 


hw” 


diviſions being thus laid down cn a Board, you may take them off and 
ſet them on your Staff provided for that purpoſe : If you will, you may 
| make a tenth ſide after the ſame manner from 10 on the Circle, 

Laſtly, for the length of the Crofles, Yhey be as followeth. 

The Croſs for the fide that goes but to 10 degrees, (hall reach from 
10 degrees to $ deg. 31' on the tenth fide, or the halt length of it is 
from 10 degrees to 9 deg. 12', 

The Croſs for the tide graduated to 20 degrees, 1s twice the length 
of A B. | 

The Croſs of the thixticth ſide ſhould reach upon the Graduation 
from Zo to 19 deg. 47” (if you make ſuch a fide) which indeed is com- 
mon. | | 
The Croſs for the fide graduated to 60 degrees ſhould reach from 
6o degrees (on that fide) to 30 deg. 00", 

The: Croſs for the fide graduated to go degrees, ſhould reach from 
90 t0-36 deg. 52", 


The Uſe of this Staff in obſerving the Sun or Star. 


Ut one of the Tranſomes on, and ſet the center-end of the Staff 
| (that is the end at B) to the corner of your eye, and remove that 
Tranſome upon the Staff till you bring the center of the Sun and the 
Horizon to be juſi clear of the ends of the Tranfome, and ſo have you 
ſet the Staff well 3 but it the Sun or Star riſcth, it will require to be 


removed nearer in towards your eye; if falling, to be farther out, 


(which you miſt not do) but keep what was at the utmoſt riſing, and 
the Tranſome will ſtand at the very degree and minute that the Sun or 
Star is at the higheſt, or the true Meridian Altitude, whoſe compt you 


may work by, as you are adviſed in Rules for that purpoſe to find the 


Latitude. 


III. Of the NoQurnal. 


Fig. [I]. 7% Inſtrument is ſo generally known, that I need fay 

I but litcle to it; and indeed a man may tak? the 
Guzrds as well, or better, without it (if he be acuttomed fo to do) z but 
ior thcir ſakes that uſe it, Vil give a {hort Deſcription thereof . 
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ro6 The ProjeStion of the NoSurnal, and its Uſe. 


Its Deſcript FILA | . 


E he” part of it with a handle hath the outer Circle divided into 
K twelve parts for the twelve months, and each month into-days. 
Now theſe. are counted towards the left hand, and marked with the 
firſt letters of the months name,or more. There are two other Gircles, 
the outermoſt is divided into 24 parts, for the 24. hours z the other 
into 29 parts, for the days of the Moons age, to find the Moons South- 
ing and the Tydes. ” 

Some make one fort of thele NoQurnals, ſome another; one for the 
Guards of the Little Bear, . the other for the Pointers; but you may 
know which is which : for that made for the Grards of the Great Bear 
(or the Pointers) have the 17th of February on the top; and if it be 
for the Gmards of the Little Bear, the 21th of April is there, The 
back-part is divided into 32 points of the Compaſs, whereby you 
know the bearivg of the Guard, and fo ( by the Table of the North 
Star ) do find his declination 3 but I think (as I ſaid before) a man 
may better guels at it, it he be ſoaccuſtomed. 

The next part hath a long Index, as it were, with the edge conti- 
nued dire& from the center, and that you turn to the day of the month; 
above that is a Circle divided into 24 hours: ſo that when this long 
Index is ſet to the day of the month, and the other turned to the 
Guards, the ftreight fide of that other, gives the hour of the night up- 
on the Circle. : 

The moveable part above hath one fide thereof from the center. and 
C when you obſerve) muſt be turned to the Gzard, Now in the cen- 
ter there is a hole through which you ſee the Pole-Star, and keep the 
moyeable part above on the Gard, {o you may {ce what Guard it is. 


How to Obſerve with the Notturnal: 


Hen you obſerve with this Inſtrument, hold it by the handle, 

VyY/ with the back-tide towards you .( bat'be ſure you hold it up- 

Tight, for what.it wants of being {o held;is a real error (which makes 

une fay, a man may gueſs.as near without it for the Guard) 'but the tip 

over againlt thehandle is the beſt Guide you have for the holding of 

itupright ): It being ſo held, look through the hole that is in the 
center upon the North Star, and the Guard, as | have laid before, 


x 
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To find the hour of the Night by the NoQturnal. 


3F you would find the hour of the Night by the Guards, ſet the ſhort . 
Index to the day of the month, ( and be ſure keep it there ) and 

Id it as I have ſhewed 3 and looking on the North Star through the 

le, turn the long Index to the Guard, and the edge of the ſhort In- 
dex ſhall cut the hour of the Night 3 and likewiſe, tind (on the back- 
fide) what Guard itis (I mean, how they bear from the North Star) 
that ſo you may ſee the North Stars declination, either above or under 
the Pole. 

We might find near enough the Moons Southing, by this Inſtru-" 
ment, and fo Arithmetically the time of High Water; but 1 think the 
Rules for that (which I have inſerted } are much better, that this will 
not be uſed. 


IV. The declination and diſtance of the Crofiers from the Soath 


Pole. 
Fon oe oo, "1, 7 lll 
The NAMES. Magnitude. | Southerly. |Sou. Pole.| 
ASEY | deg. Min. de. Mie} 
The Welt Crokier 56 s 55 33 . 05 


The South Crofier 61 : 28 [28 : 32 
The North Grotier " RRReb 2: —F$5-3.33 [44:.5+8971 


3 

The Eaſt Crofter on 2 $7 : $7 [43-3 08 
I 
2 


FT" He declination of theſe Crofiers have not been fo well noted as to 

KL be inprint before, (as I know of ) and indeed the greatelt notice 
that I take of any of them, is the South Crofier, or the loweſt to the 
Southward, whofe declination and diſtance from the South Pole, I do 
aflert to be true, from my own experience, ( not but that the reſt are 
fo toq ) but I have not experienced them ſo much. I think my Bre- 
ther Mr. Andrew Norwood made theſe Obſervations of them, as in the 
preceding Table. 


This 
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108 Rules to find the Latitude. 


This Conſtellation is called the Crofiers, becauſe they make a Croſs, as in 7 

this Figure. And this is obſcrved. 

North, | of them, That when the North and. 

* South Crofiers axe directly over one, 
anotier, they axe upon ( or very 

Welt, * X Eaſt, near ) the Meridian : So that by. 
looking upon them, youu may knog 

* when to obſerve them. They are © 


South. D1 the beſt Stars that I know, for ob- 
ſervation to the Southwards of the EquinoRial. 


CHAP. XVII. 
Rales to find the Latitude. 


His Book, ſo generally treating of Navigation, cannot want the 
Tables of the Suns Declination, and for that reaſon I have 
£m. placed them here; and for both that and ſome other occa- 
cons, that will be for the Longitudes, Latitedes, Declinations, and Right 
Aſeenſions 'ot ſome. of the principal Stars : I have ſet them down here, 
after the Tables of the Suns Declination. I have alſo ſet down the 
ſeaſons for the Stars coming upon the Meridian at four of the Clock in 
the. Morning, by which you may guels their other times of coming up- 
.on the Meridian 3 for that Star that at any time propoſed is upon the 
Meridian at four of the Clock in the morning, will be upon the Meri- 
dian at three of the Clock about fifteen days after, and fo about a 
month after, at two of the Glock; and that's the reaſon 1 ſet their 
ſcaſons/down to them at four of the Clock in the Morning, becau(e you 
will have their ſeaſon backward the whole night, they coming ſooner & 
ſooner every night to the Meridian. If you defire to know the time of 
a Stars coming to the Meridian for any day, you may ſubſtract the Right 
Aſcenlion of 'the Sun that day from the Right Aſcention of the Star 
( adding 24 hours ) the remainder ſheweth how many hours after 
12 of the Glock at Noon the Star will be upon the Meridian. 
The Right Aſcenhion of the Sun for any day will be found by his 
Declination, and greateſt Declination, as I have ſhewed before. Not- 
withſtanding, I have here inſcrted a Table of the Suns Right Aſcenſion 
for every degree of the 'Ecliptiek. And for Stars near the EquinoGtial, 
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Rales to fend the Latitude. IO9 


or 50 degrees from it, I have ſet down their Longituder and Latitudes, 
that ſo the Moons place may be diſcovered by her Longitude from any 
of them, cſpecially in her goth degree z whereby the Longitude at Sea 
or aſhore, may be nearly tound : For the pertormance whereof, I have 
ſet down the Moons motion,and the beſt way I know,as you will ſee to- 
wards the Jatter end of this Book. 1 ſhall refer you to that;for farther - 
 fatisfa&tion herein, and ſhall treat now- of the Rules and Reaſons for 
working an Obſervation by the Sun or Star 3 which IT am the willing- 
er to demonſtrate, becauſe I am ſure many work Obſervations, and 


know not the reaſon why they-adde or {ubliract. 


The Rules, and the Demonſtration of the Rules 
for finding the Latitude by the Suns height from 
the Horizon, or diſtance from the Zenith, by 
the help of the Table of the Suns Declination, 


\ 


are as followeth viz. | 


2 RULE I. 


If the Sun be on the Meridian South, and h#ve South Declinatt 
on, ſubſtraft the Declination from the Complement of the Meri- 
dian- Altitude of the Sun (or the diſtance from the Zenith) the 
Remainder is the Latitude of the place North; but if the De- 
clination exceed the Zenith-diſtance,then ſubſtrat it from the 
Declination, the Remainder is the Latitude South, 


EXAMPLE 1. - 


Suppoſe being at Sea, and the Sun being obſerved to be on the Me- 
Tidian South 37 deg. 3o' from the Zenith, or 52 deg. 3o' from the. 
Horizon, and at the ſame time hath 12 deg. oo” Declination South 3 
What is the Latitude ? 

m. d, 


Zenith-diftance of the Sun 37 3O 
Suns Declination South, ſubſtract 12 00 


Ce mt 


The Latitude North 25 30 


 Demon- 


 Rales to find the Latitude. 


- Demonſtration. 


Fig. ]. * the Circle ADBC repreſent the Meridian, A the Zenith, 
B the Nadir, G D the Horizon; then I ſet off 37 deg. 

3o' from A the Zenith, to F, and this is the Complement of the Suns 
heighth (or diſtance ( at Noon ) of the Sun from the Zenith); then 
conlidering the declination is South, 1 (et off the 12 deg. Northward to 
A, and draw the Line /X A for the EquinoGial : (for the EquinoRial 
| lying 90 degrces from'either Pole, muſt needs be to the North of the 
Sun when the declination is South.) -KL is the Tropick of Cancer, 
and HI the Tropick of Capricorn : Hereby will appear plainly the rea- 
{on of the Rule, why the declination. muſt be ſubſtracted z for it ever 
holds good, that the EquincGtial heighth of the Sun from the Horizon, 
is cqual to the Complement of the Latitude, and the diſtance of the 
Sun trom the Zenith, equal to the Latitude 3 in ſuch caſes as theſe, and 
the declination being South, mult be further from the Zenith, therefore 


the Equinoctial muſt be nearer to the Zenith, which is equal to the 
Latitude. 


EXAMPLE. 2. 


Suppoſe being at Sca, I obſerve the Sun to be on the Meridian South, 
and 10 deg. 00" diſtant from the Zenith, and the declination being at 
the ſame time South 20 deg. 3o', What is the Latitude ? 


| ae * 
The Suns declination South -. 0 0 
The Suns diſance from the-Zenith South, ſubſtra 10 oo 

The Latitude South '1© 30 


| Demonſtration. 


Ejo, I. TY Scheme being proje&ed as before, the Suns declina- 
O tion being South, and the Sun diſtant 10 degrees South 
of the Zenith, I draw the parallel of the Suns declination FI, havivg 
firlt at 20 deg, 30 Northward,drawn the EquinoGial Z &, which falls 
of neceility 10 deg. 30 to the North of the Zenith 3 and conſequently 
the Poles being:90 degrees diſtant on cither fide from the EquinoGial, 
_ the South Pole is 10 deg. 3o' above the Horizon at S, and the North 
Pole atN is fo much depreſſed under the Horizon at D: fo it is plain, 
that the South Pole is cleyatcd to deg, 30' as CS, therefore the Lati- 
tude is South. 
RULE 


bf wo | F ” 


RULE II. 


The Sun being on the Meridian, on the South, and the Declination + 
being North,adde the Declination to the Zenith-diſtance of the 
Sun, the ſum is the Latitude North. 


E X-A M P L E-. | 


Suppoſe a Ship being at Sea, the Sun being obſerved on the South; 
on the Meridian 30 deg. 3o' from the Zenith, and the declination be- 
ing then 15 deg. 30' North, What is the Laticude ? 


a. m*; 

Suns diſtance from the Zenith 30 30 
Suns declination North, to be added I5 30 
Latitude North 46 0©Q 


Demonſtration. 


Fig. TIL. BY the Scheme it appears, that A F, the Suns diſtance 

from the Zenith, and F A, the declination. make the 
Equino@tial-diftance from the Zenith, which is equal to-the Latitude, 
and therefore in this caſe muſt be added together. 


RULE II... 


The Sun being on the Meridian, on the North, aud hath North 
Declination, ſubſtratt the Zenith-diſtance of the Sun from the 
Zenith, from the Declination, the Remainder is the Latitude 

' Northerly ; but if the Suns diſtance from the Zenith exceeds 
the +44 Brac then ſubſtratt the Declination therefrom, the 
Remainder is the Latitnde Southerly. 


EXAMPLE T1. 


The declination being 20 deg. oo' North, the diſtance of the Sun 
from the Zenith to the North at Noon 12 deg. 3o', What is the La- 
titude ? of.-o9, 

Suns declination North 20 OO 
Suns diftarccc from the Zcnith North, ſubſirac 12 30 


Latitude North ©7 3O 


Demonſtta- 
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Rules to find the Latitude. 


Demonſtration. 


: He Suns diſtance North from the Zenith is 12 4ep; 36” 
Fig. IV. F which is to be ſet off accordingly to F, and the Acc 
nation being North, fer off the declination 20 deg. 00' towards the 
South 3 for. fo it ought to be, that the declination paralle] may be on 
the North of the EquinoQial : fo it will plainly appear, that the Line 

AF, the Suns ditiance from the Zenith, being taken from A F the Sung 
Ucclination. or diftance from the EquinoEtial, muſt leave A Z, ihe di- 


{tance of the Equincdtial from the Zenith 3 which is equal to the La- 
 titude. 


EXAMPLE 2.- 


The Suns declination being, as before, 20 degrees North, and the 
Sun at the time of the obſervation was 40 deg. 15' from the Zenith 
Northward, What is the Latitude ? 


ads Me 


40 _ T3 
20 O0 


The Latitude South 20 15 


The diſtance of the Sun from the Zenith North 
"The Suns declination North, ſubſtra&t 


Demonſtration. 


. 7 "THe Suns difiance from the Zenith being 40 deg. 15/ 
Fig. V. and- the declination North, I firſt find þ Ke 
ſetting the Zenith-diſtance to the North 3 then the declination being 
North, | ſet it off, being-20 deg. 0o' towards the South, and there is 
the Equino&tial, which I find to be X, which by the work F Z& being 
ſublixated from AF, leaves A F. the EquinoGial-diftance from the 
Zenith, which 1s <qual to tne Latitude, Then ſetting off the Polar- 
diſtance from the-Eqt:inoctial go degrees, we fee that ihe point N, or 
North Pole, is depreſſed under the Roxizon at D, and S the South Pole 


elevated above the Horizon at C, 20 deg. 15”; fo that CS is the Lati- 
tude.or Elevation of tne South Pole. | 


RULE 


| Anka find the Latinde 113 


RULE ang 


OY Og FA 1h 6 Merlin In the North and hath South DA 
clination, "il, the Declination to'tWe Zenith- diſtance, rhe WL. 


is the Latitude Southerly. 


___ 
« 7 # © # 


EXAMPLE.” 


$ e the 15 ded ation ta be 16 deg, 45! "South. and the Ze 
aro Yo Ki. "Bb 29 deg. 45), What 1 is the Latitude? 


aith- diftance to t 


The Suns declination South 
The Z:nith- gillance North. 


." The Latien de South 


Fig, VI. ; "He Zehith-diftance l Fi off from A to F ; then conſi- 

dering that th@ declination is 'South, I. ſet it. off to» 
wards the North to ZE the EquinoGiial, both which, viz. A Fand F X, 
being added together, give the Equino@tal-diſtance from the Zenith 
A A, which 1s equal to N D, qr G S.the Latitude, and it is South, be- 
cauſe the South Pole at S is elevated above the Firm and N the 


North Pole is depreſſed. - 


anos Ss gh "RULE V. | 
If the Sun hath no Deelination, the C onplement of the Altitude 
(or the Suns diſtance from the Zenith ) z the Latitude, if 
the Sun be on the Meridian in the South, the Latitude is 
North.; if the Sun, be on the s Meridiay in the North, the La- 
" » thtude 1s ' South.) 


Demonſtration. 


His is plain without a Scheme : for when the Sun hath no de- 
clination,: then it is in the EquinoGial 3 and in all the former 
Schemes at: appears that the EquinoGtial-difiance of the Sun 

from the Zenith; Fi hats to the Latitude 3 and the EquinoGial being 
90 degrees diftant from the Poles, © if the Sun'be South Ly the Zenith in 
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the EquinoQial, then the North Pole muſt be above the Horizon, ard 
therefore the Latitude North : If the Sunbe in the EquinoRial to the 
Neorth. of the Zenith, the South Pole will be aboye the Horizon, and 6 
the Latitude South, as is-very plain in the former Schemes. 


| RULE VI. $1 


If the Sun be in. the Zenith, that is, go degrees above the Elm i. 
* 201 then the declination, either North or South, is the Lati- 


tude. 


Demonſtration: 

jo, VII. S here the Sun being 10 degrees diftance from tl e 
Fig VH A EquinoGial South from A to A, or having 1» 
degrees South declination, cauſeth the South Pole at S to be clevatel 
10 degrees above the Horizon at C 3 fo that the Latitude is 10de- 
grees South, the ſame with the diftance AZ : ſo that the Sun being 
in-the Zenith, the declination of the Sun is equal to theTatitude, The 
like is to be underliood, if the declination were North, then would the 
Þatitude be North. as is-cafie to be conceived. 


Ages RULE VI. 

If you be within the Artick or Antartick Circles, and obſerve the 
' Sun upon the Meridian, under the Pole, adde the Suns decli- 
nation to the Complement of the Altitude ( or diſtance from the 
Zenith) and ſubſtraft the ſum from 180 degrees, the. remain- 


" "'dler is the elevation of the Pole. 


by. ENAMPLE: 
| Asſuppoſe'the Sun hath 20 degrees North declination, andthe Suns 
heighth on the Meridian under the Pole be 10 degrees, What is the La- 


The Suns declination- 20 ©0 

: Complement of the Altitude 80. oo 
| Their fum Io00 ©o- 

This taken from . £3. 180 oo 


Leaves the Latitude Noxth .. $0... 00 
Demonſirs- 


\ Rules to find the Latitude.” © 145 


Demonſtration. 


| Mhehoys EF, the declination, to F A, the Comple- 
Fig. VIE. ment of the Are it makes 100 degrees; 3 Which 
(bſiraQed from AF 180 degrees leaves ZE A equal to CS, the 
Latitude. 


The foregoing Seven Rules otherwiſe briefly Heklied 


He Suns Merilian Altitude obſerved at Sea.or Land in any part of 
FT" the World, the Latitude of that place, by help of them, may be 
known in which there are ſeveral Caſes, according as the Sun hath 
cither North or South Declination, and as the Sun is fatuate, he being ci- 
ther upon the North or South fide of the Meridian.----The ſeveral Va- 
| | rieties are thele which follow. as 


| The Meridian-Altitzde 
"$OUT H-fide of the \ raken from 90 de- 


| -When the Sun is in | Meridien, orees, leaves the E- 
| the Equinodial,ha- levationof the North f 
| vingno Declinati- | Pole. - goed -4 
on, and the Meridt- } The Meridian- Altitude 1 


an-Altitude is ob- taken from go de- 


+ ferved-on the NO-RTH-fide of thee! grees, leaves the Ele- 
t Meridian, vation of the Soxth 
Pole, 


If the Meridien-Altitnde be leſs than 90 FRIGIN and.che Sun 
_ upon the South-fide of the Meridian, the Suns Declination 
being taken from the Meridian-Altitnde, teaves the height 
of h Equinodtial z which taken from 90 degrees, gives 
- the Latitude North. 

[ the Meridian-Altitude be leſs than 90 degrees, and the Fun 
| upon the Soxth-fide of the Meridian, adde the Meridian-Al- 
| on - titude:and-Declination together 3 their ſam is the height of 
< NN EquinoGial which taken from 90 degrees, leaves the 
oy Latitude North. But if the ſum of the Deelination and'41- 


— SOUTH, 


titude excecd 90 degrees, take go degrees therefrom, the 
remainder is the Late Bowth. ul 
TD $91 - T4 T0 3 11390 - bits ah ads 


Q 2 - When 


t 4 When the Sun's Declination is 
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tis To find the diftance'df. #y4Wo'places, 


If the Meridian-Altitude be lels than go degrees, and the Sun 
upon the North-fide of the Miridian, adde the Altitude and 
; _ Declination together, their ſum is the hejght of Marr? 
t  GHial, which taken from [go degtees, leaves the! Latithde 
| South, But if the ſam be ab6ve g0deprees, . take, 90.de- 
| prees therefrom, the remainder is the Latitude North, 


x15 
I 
RTH, 


by 
: 


- 4 


If the Meridian-Altitude be leſs than 50 degrees, and the Sun 
) ,upon the North-fide of the Meridzan,ſubtract the Declination 
< from the Meridtan-A4ltitade , the tetmnainder* is the height 
of the Equinodial ; which taken from go degrees, leaycs 


'* the Latitude South. 


When the Sun's Declinati 


Declination 15s 


| > CNORTH, If the Meridian- Altitude be juit c North, 
When the Sun 4 6 90 degrees, the $S uns Declinati- ; 
SOUTH, 2 ons the Latitude "Nooath, 


If the Meridian-Altitede be obſerved under the Pole, within the 
bounds of the Polar Circles, in ſuch caſe the Sun's Declination muſt be 
taken from 90 degrees, and what remains 1s his diſtance from the Pole; 
which being added. to the Meridian- Altitude, the lum is the Latitade of 
the place... 7: kg 
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CHAT KIN 


How to find the diſtance 'of any:two..places upon the 
Terreſtrial Globe, 'by the PR Stalk. 4 ( 5 


I. Two places which differ in Latitude onely, to find their dis 


THI 1 |. [7 -E 
, 


OLE TT RYGTINE ITE 3b; T9 LIN yy 1 iy 19 | gd i} t THY: 513 'FLOLB-IE; j Fe? 
1. JF the two.places:tave both. either, NorthoriSouthyLatitude; ſub- 


»- ira the lefſer out of the greater;, the remaigder-is; the degrees: 
- M...of-diſtance - which multiplied: by 60, - gives the diſtance 
m miles. S950 20 J+ vo» Is þ, t <  YIJIAKD IDVRT | 
Example, London, and Thalms\ign France; lie both ander the ſame 
Meridian, and both on the North fide of the EquinoRial :* L_ 
CEA, eq) hat 


oo 


4A 


TR.15i04 wrthpeber Platts Stale,. tn © Fi7 
hath 51 deg. 3o', and Tholows 43 deg. both North [ atitude 3-43 deg 
ſubtzxaGed tom 534,At-30', leaves 8 deg, 3o' 3 which turd'd into 
miles by multiplying the degrees by 60, and adding for every minute 
one mile, makes 510 miles for the difiance of thoſe two places, 

22. Ione qf.the-plags. have Nth. and the other South Latitude. 
the ſua of. the two Latitndes is the diltance. 7% S 
Examples _ London hath '51 deg. 3o North, and: the Iland Triftan 
Decanhujin the Ethiopick Sea, hath Latitude South 38 eg. the ſum of 
the ewo Latitudes is 89 deg. 3o'z which multiplied by 60, is 5370 
miles; and {ach is theie dillance, | | 


[1 Two places which differ onely in Longitude, to find their di=- 


ſtance. 


1. JF the two places propoſed, do both lie direGly under the: Equi- 
| noEial, andfo have no Latitude, then their difference of Longi- 
tude, if lefs thani 180 degrees, is their diltance. THe detajs 
Example, The lfland St. Thomas, ard the Iſland Smunatra;, lie 
both under the EquinoRial, St. Thoma having Longitude 35 deg. 30, 
and $ amatra 134 deg. 3O', their difference is 99 degrees; which re- 
duced/into miles, makes 5940 for their diltance. 
+2, Butif the two placeslie not under the Equinoia), hut under 
ſome other Paralle], between cithes of the Poles, theft proceed tofind 
their diftance, as followetly. . bs 
Let the two places be' London and Gipiſon in Raſſia, both Fig, IV. 
in 51 deg, 3O' of North Latitude, and differing in Lon- 
pitude 45 deg. Firſt, Take 60 dep, of your Scale of Chords, and with 
that diſtance on the point GC, deſcribe the Circle  L QI, and draw 
the Diameter & C Q. Secondly, ( becauſe the places differ in Longi- 
tude 45 deg.) Take 45 deg. out of the Scale, and ſet them from Z to 
-M, and draw theLine MC, Thirdly, Take 51 deg. 30' the Latitude 
of both the places out of your Scale, and ſet that diſtance from M to I, 
and draw the Line I B perpendicular to MC. Fourthly, Make the 
diltance ZE D <qual to M B, and draw the Line BD, fo thall D B, mea- 
ſured upon your Scale of Chords, contain 27 deg. 40'; which reduced 
| into miles, make 1660 for their diſtance. 
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II. Two places which differ both in Longitude aud Latitude, ts 
find their dillance. few ac | 3 


Et the two places be London, "In North Laticude 51 deg. 30', and 
Longitude 26 deg. and Hieryſalem in Latitude 31 deg, 4O', and 
Longitude 71 deg. Their difference of Longitude is 45 deg. Now 
to find their diſtance. Firſt, With 60 degrees of your Chord, de- 
ſcribe the Circle X L Q M, as before, and draw the Diameter #C Q, 
Secondly, Set 4.5 degrees, the difference of Longitude, from 2 to M,. 
and draw G M. Thirdly, Set one of the Latitudes (as that of Londox ) 
51 deg. 30' from M-tol, and draw 1B perpendicular.to. MG. Fourth- 
"ly, Set the other Latitude 31 deg. 40' from Z to, and draw L A per- 
pendicular to F,Q. Fifthly, Take the diſtance AB, and (et it from A 
toE. Sixthly, Take the diſtance B I, and (et it from LtoK, and from 
'LtoH. Lafily, The diſtance from K co E, meaſured upon your Scale, 
will give you 39 deg. 51' for the diſtance of the two places z which 
converted into miles, is 2331 miles. 
This is, when the two places propoſed are both in one and the ſame 
' Hemiſphere, as in this Example they are, both to the Northward of 
the EquinoQial. But if the two places propoſed are (cated one in the 
Northern, and the other in Southern Hemiſphere, then the diſtance 
'HE (LH belng made cqual to LK) gives the degrees of diſtance. As 
if London were one place in North Latitudg 51 deg. 30', and another 
place were in South Latitude 31 deg. 40', differing in Longitude 45 
.deg. RE the diſtance being meaſured upon your Scale, at twice ( be- 
caule it is longer than the Scale ) will give you 96 deg. for their di- 
flance, which is 57.60 miles. 
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: [120 The Tables of the Suns place and Declination. 
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Years after Leap-year, viz. 121 


SY 
| for the firſt 
— papmag_— ls 
Ig 1689, April. 
y | © Dech.l © place 
(de. mide. mii. 
my PP" 4 
1108 3822. 08 
#109 O©C[23 07 
3/9 22124 O5f 
409 43125 04 
$5110 04126 O2 
| |6JLO 26/27 OI] 
TPO 47127 55] 
$]II 05129 56 
c[ix 28j29 56 
Iclit 45jO 55 
IIt2 ogfol 53 
[12112 29102 ol 
op -49193 45] 
[ [14413 ogſ04 45 
5113 28195 46 
16113 4706 44] 
I7114 o7j07 42 
18114 251098 4c| 
ISh14 4409 38 
6: bt. O2FLO 36; 
21115 20[11 34 
22[15 38|12 32 
23115 56113 Zo 
241016 13114 28 
25]16 Zojl5 26 
26116 47 16 24] 
£7417 O31[17 22 
2017+ 20118 20 
25117 36j19 18 
3417 5120 15 
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1693, May. 

| 

© Decl.1© place] 
de. mide. mi. 
TV: 
18 o7[21 T 3] 
T5 $2082 11 
15 36123 og 
19 51]24 06 
9 o5Þ25_ogf 
I9 1926 $ 
I9 32126 55 
9 M7 3 
I9 $829 54 
20 I1]29 52 
20 23jl 49 
20 34jo1 47} 
20 4602 44 
<0 31493 42 
2T o8Jog 39] 
21 18j05 37 
2T 28J06 34 
21 38107 32 
2I 47Jj0S 29 
2T 56jog 27 
22 o4hho 24| 
22 I2]t 211 
22 20j12 1g} 
[22 27/13 16 
23: 24114 13 
22. 48s. 11 
22 47116 05 
22 $3Þ17 ©J] 
22 $58$j18 02 
23. ozlt19 oo 


po » 
| 1697, June. 

'© Decl.1© place.} 
(de. mide, mi.) 
— IL | 
123 TIRO 54 
23 T5221 $5] 
23 1022. 49 
2 41023 40} 
123 2 3124 43h 
[23 29125 40 
23 27126 37] 
©3- - 7-34 
#3 29 28 32] 
23 3ol2g 29 
| | | 
23 3ojſp 26 
23... Zojor, 23 
23 29j02 20 
123 28j03 18} 
23 20104 15 
23 2405 12] 
23 22106 ogf 
[23 1907 06] 
23 16]08 03 
23 12jo09 oof 
23 obvſog 58] 
23 0310 55 
22 SS|IT 52] 
22 53112 49 
[22 46[13 46] 
22 4ijla 43] 
22 35]15 41} 
22 a8]z6 38) 
22---24447 
22 £3118 | 


v - 
PO I "0 a___ . 
. >. IL ——_— — OO IE i... Ma. "4 —_——— 
Y _ ——__—_— 
— — 
* 4 
LE m—— 


tt. 
TT" —_ 
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for the firſt Tears after Leap-years, viz. 123 


by 
23 
24 
25 
26 
27 
28 
29 
2c 


1689, Ottober. 


+... 1 
15 0310 
[5 22]11 
5 4olt2 39 
1 99113 #0 
16 17114 40 
16 34j15 49 
16 $2116 41 


17 ogf17 41 
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1693, November. 
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© Decl.l © place. 
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de. mi.\e. mi. 


I9 
19 
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i” |© Decl.|© place. [© Decl.|© place] 1]© Decl.|© place. 
| ade. mt. de. M1, \Je. m1, a fo Mt, de. mts ae. T8 
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| 1122 o6[19 S] 15 12/18 54] 04. 25118 54 
| 2121 5820 13] 14 54/19 $2] 04 o2j119 53] 
| 3]21 2921 10 14 36|20 Fol 03 3920.51] | 
| 4/21 4cſ22 O07 14 17]21 47] 93 I5j21 50 
{ 5j21 31123 . 04] 13 $8122 22 45] 102. 52122 49 
| 6121 21/24 O2 13 39f23 43 ſoz 29 23 47 
| 7121 1124 59] 13 20124 41 02 06124 46 
| 8/21 oiſ25 56 13 onj25 3 on 42]25 45 
9120 50/26 53 I2 41126 36 jol 19126 43 
Iicl2o 3927 51 112 21127 34 $6127 42 
j1iſ20 27 28 4% 12 o1j28 32 S 32128 41 
[12/20 , 15/29 45 IT 41129 3O \ vp 49 
[13 20 ozjY 42] Iz 211% 28 | "oo = 38 
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o7 361g 25] - |17 5520.28] {23 rijz0 56 
2107 59120 25] [19 Itſ2I -29] [23 I5]121 57 
4198 22]21 24| 18 2622 30] 23 19122 58| 
| los 44j22 244 |i8_4zſzz 3o| |23 2223 5g| 
log o6]23 24 118 57/24 31 123 24/25 oof 
\nſog 2$]24 23 19 12[25 32] [23 26 26 - 02} 
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I8}14 3oſo8 56 121 4007 47] 123 1I8[07 22 
rgh14 49199 54] [21 4903 45] 23 T5Þ8 ng] 
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6 —_— _ | ws _ oy 
1'z : | {Long. | | Latit.  Decli, \ 
r= | Their Names. >. an; \ de. mi | 7,3; Sealon, 
'2 [The Whales Tail  |X[27 41S 20 47 $119 J2/ July17] 
| 2 {ln the Girdle of Andr.[Y}25 41]N25 59 N]33 52\fuly23 
{3\ln the Whales Back L-I9 
| | theWeſt YÞ7 03] [16 55 [12 43|Zuly24 
[3 in the Whales Back! | EE7 
| { the faſt Y[IT 34] 15 46 09 55 Fly27 
3 [In the Whales Belly  }Y {17 17] [20 19 LI 57 Ap. 2 
| 3 Jin the Rams Horn the] | 
[| lt 1128 29No7 08 [17 36|Ang. 4 
2 Jin the South Foot of | | Sb 4 
| Andromida [09 31N27 46 N140 41Aug. 6| 
|3 [in the Rams Head |\;Jo2 58Nap 57 21 5IiAngs 7) 
| 3 ]Perſin's right Shoulder|1y,|25 18 N34 30 52 O9|An, 22] 
| 2 18riceſt in Whales Jawy O9 39S 12 37 02 45' An; 23] 
| 3 |Madaſa's Head [21 29N22 42 39 37jAn. 23] 
| 2 |Perfin's right Side Jj&[27 09N30 05 48 3314. 26 
| 3 IBrighteſt of the Pliades|5}25 16No4 OC (123 OISept, 3 
x (Bulls Eye, Aldeboron [705 04'S o5 31 I5 46Sep. 17] 
| 1 {oat or Waggoner [n|17 o8N22 50 1143 35|Scp. 27 
{ 1 In Orior's left Foot |n[12 Og 31 Il 718 'o08 38 Sep. 20 
12 ]|Waggoners right Foot|ngj17 52 Nos 2C 15]N'2$ I51Sepz s) 
] 2 JOrion's left Shoulder nþ16 I5Þ[10 53 4.8 Nos 539 OGh 1 
]2 {Firſt in his Girdle [nj17 431S'23 38]78 46S 'oo 38108%,z 
} 3ccond in his Girdle |n[18 4513 24 33179 48[8 'o1 20 ,080b.4} 
+ {Third in his Girdle |n|19 5818/25 2118 ©2' 15]Ofob.s 
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_ Ja | {Longit.| | Latit. |R. Decli, 
| [=] a | I —_ de. Middes -. mid (de. —|Scaſons. 
"2 [The leſſer Dog |S[21 - 10jS [15 57 3]N}o6 03[Novem.4| 
{2][n the lower head| PIG + 28 py | | 
| | Polex [S[18 35}]No6: 38 28 47\Novem.s5| 
| | 7 |Hidray's Heart [122 3741S [22 24 S 107 14/Nov. 30 
|: [Lions Heart P25  0g]Noo 26 I3 35|Decem. 9| 
| | [2jLions Neck. N24 51 N'os 4.7 Nf21' 31]Dec. 11 
12 [Lions Back Tos 33 N14 20 122 23|Dec. 23 
| {: {Lions Tail M16 551N2 18 0116 2$Dec. 31 
| | |: [Virgins Spike 119 08S ot 59 O09 21|fan, 23} 
[I ArCurus =119 31Ni; 1 22 15}]Nf[21 19/Feb. 6| 
| 2 [South Balance |Mj:o 23]Noo 26 Ir4 34'Feb. 14 
YE > [North Balance ' |Mt]1 4 40Nv8 35 51S [08 04/F4, 21 
| }- j[n theCrown theſ | ©. FN WEL (3 A 162 | 6] 
| | | brightet © jMſo7 -30N44 23/230 06]NÞ7 '54/Feb.' 27) 
{ | | x Scorpion's Heart [Jos 05S j04 27/242 15]S [25 34 Marc. 12 
| | |; [[nOphizcburightt | © | | 
| | foot 2j15 © 53]No2 161254 55 20 30|Mare, 26. 
7 [lo- the Harp, the {| ©] Fo ef 4} Fi 
| © | brighteſt '*,fwſ16 | 35]N6r 451275 244 128 
| | | 2 Eagles Heart, a | Il 
| | 7zas Vultures [wj27 OHN'29 221293 35] o8 
1; [Dolphins Tail |=|og - 24Nj29 081304 18] to 
l->Iin the Swang| { | | 
| Tail [oo 44N59 571307 31]N44 
$2 Wen” ipowend ly 00 I 
| | Leg Rlog 1413108 101339 14]S[17 
| x |F omahant =[29 04[S|21 001339 338 |z1 
2 |In Pegafius Leg 1X24 42}Ni31 081341 54IN{26 
2 |Pegaſius Shoulder A: 48 : 
| | 2 [The Headof An} | | [19 26[242 onjNjr3 
| | Jromids YIÞ9 35SINi25 421357 47]N|17 
| 2 The laſt in Peg -| | | 
| | | Js Wing lrleg 30) 12 35359 03Nr3 


The Longitude Latitude, Right Aſcenſion 0n, and Deckoatics of 
| certain fixed Stars between the EquinoCtial and 50 deg, of 
| Declination from1 it ; with their Magnitudes and Seaſons. 
\z\ | |Lovg. [ | Latit,  Decli. | 
Z| Their Names. [fe mi apt MW ve? FL - m_—_ 
"2 [The Whales Tail [X27 4815 3s 47 [19 52/July17| 
| 24lnthe Girdle of Andr.[Yj25 41]N25 59 N1]33 52 Fuly23 
| {in the Whales Back a 
| j theWeſt Y]Þ7 03]S [16 55 [12 43) Fuly24 
| 3|ln the Whales Back | 
| 4 the faſt [Y]I 34 15 46 O09 55\Fuly27 
3 |n the Whales Belly {17 17]S [20 19 11 57 Ang. 2 
3 Jin the Rams Horn the] | 
| | firſt 1128 29No7 08123 471|N 7 36| Ang, 4 
| 2 Jin the South Foot of | | £ 1 
J | Andromida [109 31/N'27 26125 5I|N[4o 41 Aug. 6 
3 {in the Rams Head |\;Jo2 53Nap 57127 05]N|21 51{A4ugs 7 
| 3 [Perſin's right Shoulder|\,J25 18N34 30/40 09|N 5 2 OSA, 22 
2|Briteſt in Whales Jawſy;jo9 39S 12 37141 13]S [02 45'4. 23] 
| 3 |Miaduſe's Head [21 29N22 22141 38]N|29: 374. 23 
12 [Perfin's right Side {y[27 09N3o 05144 51]NI48 33] 4m. 26 
: [Brighteſt of the Pliades|g125 16No4 OCISI 52N[23 OI 'Sept. 3 
1 Bulls Eye, Aldeboron [gjo5 04S os 31164 LON[L5 46. Sep. 5 
| 1 [Goat or Waggoner [n[17 ©8N22 50j73 17]Nl43 36|Scp. 27 
| 1 [in Orion's left Foot |n12 o9/S 31 11174 37]8 08 38|Sep. 2b 
12 w aggoners right Foot n I7 52 No5 20176 I5 2$ I5 Sep © 
; 2 IOrion's left Shoulder aþ15 I5Þ|10 53176 4.8 Nos 591OGoh. 
12 ult in his Girdle jnÞ17 43S '23 38178 45]$ 00 381070, 2 
} Second in his Girdle |n|13 45S 24 33/79 48] 'o1 20,080b.a) 
4 Los in his Girdle |n|19 5$]S 25 21]80 57]S 'o2 15|Ofob.5 
. right Shouldeiſg}25 2c]N21 28183 53 N44 51|0Gob. 8} 
T {Orion's right Shouldeiſy 41S '16 84 161No7 17jO@eb.9| 
| Or Dogs Fore. foo! le: S [17 4908. 17, 
ln the bright Foot of | | __ 
1] the Twins |moutt]= 16 38108. 19 
{The great Gog in hiqeſog 16 1510F.-22 
1 {in the upper Head off | 
T- } the Twins $115 33 
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hE brighteſt OY i 
| 2 Eagles Heart,” @- 
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ween the. Equinodtial and 5 © deg, of 
their Magnitudes and Seaſons. 


Declination from it ; with 


| Their Names. | 
EE CR TOE 
The lefler Dog 
In the lower head 
Pollex | 
Hidray's Heart 
Lions Heart 
{Lions Neck 
Lions Back 
JLions Tail 
Virgins Spike 
ArGurus yy 
South Balance 
North Balance © 
Iln theCrown the] 
brighteſt © 
Scorpion's Heart 
[nOphizcbus right 
] foot 
[n the Harp, the 
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| 7ras Vultures 
Dolphins Tatl 
in the Swans 
| | Tail 
} > (Water Powers 
Leg 

Fomahant 

In Pegaſis Leg 
Pegaſus Shoulder 
The Head of An- 
_ dromida 
The laſt in Pege- 
ſus Wing 
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The Ripbt Aſcfi on, Declimatiby, ey Diftanc 
' from the North Pole, of Terecit Stars z with 
their Seaſons for obſervation. 
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In the great Bears 'Rump 


Firſt in the great Bears Tail 
The middlemoſt in her Tail 
ln the end of her Tail 


{The uy urd 

The hindermoſt Gourd 

In Dragons Head foremoſt 
ragons Head hindermoſt, 
brheus Girdle . 

laGis:1:{ Foot 


and ad —— CA 4 tet —— — 
——————_—_ et. tin. Med 


In- Dragons Tail the lai but-one[175/ 56 
Between her Tail and the Loins 188 


ln the bending of Dragons. Tai 209 


1333 


In the Back of cof Caſſpi' S Gheang57 $4 7 


- 123 Jangary 1 


Tof Fanzary 16 


[231 c . 


Fo roi... 
| The Names of the Stars. 25 bo — F- ww Seaſons. 
in the Brealt of Caſj zopeta” I I © Fuly 16 
he North Star © 25\Fuly 18 
In the Hip of Caſſiopeia 009 o6|Fuly 19 
In Caſſiopeia s Knee QI6 33]J#ly 26 
in Caſſiopeia's Leg, | O22 Oll Auguſt 2 
In Perſon's right Shoulder : 040 Sil Auguſt 20] 
In the great Bears Side 160: 45] Decemb. 20] 
In the great Bears Back 160 2 6|Decemb. 20 
[n the great Bears, Thigh 173 25] January 1] 


Oo Fanuary 7| 
23þFanuary 16 


17] fanuary 24 


57| January 30 

4, O1]Febr. 5 
2a Pebr, | | Ig 

- 42]Febr, | 28 
25April I 
23|4prit 9 

oof fune 2 

16] Fine | 15 
42\July' $ 
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A Table of the -Suns 'Right Aſcenfion for every 
Degree of the Ecliptick. 
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A Table of the Suns Right Aſcenf 


10n for every 


—_ of the Oy 


302 121332 6 
303 141333 3] 
304 161334 
305 191334 58 
Z06 201335 54 
307 221336 $51 
308 241337 48 


$1309 251338 44 


310 261339 40 
3IT 271340 37] 
312 28341, 33 


$1313 2381342, 29 


314 291343 , 2] 
315 291344 20 


3]1% 29j345 - 16 
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317 291346 . 12 
1315 291347 7 
Ig 285348, 3 
320. 271348 58 
32T 271349 - 54 


39]22 261359 - 49] 


323 2435T\4 44 
335 22/353. 35 
ins . 2218Sk.- 36 
1327 18j355 . 25 
328 16j356 2c 
£9. 141357 15 
330 Iifz5S ic} 


91359 
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LL Table of the North Stars height,above or under the Pole;upon 
every ; Hi bearing of the foremoſt Guard from it. 


DC 


ar neſeor che tore 
| Compaſs | moſt Guard.) The Uſe of this Table. 
W 6 W 

W by W 

| Weſt 

W by N 

W N.W 
IN W by W 
N W 

NW by N 
NN W 

N by W 
North 
N by E 
NNE 

N Eby N 


Dmit I obſerve the North Star 

. whenit 5s a NNW Gmard, I 

look in the Tables, and againſt NN W 

I find 2 deg. 29': this 2 deg. 29' muſt 

be ſubſtracted from the Altitude of. the 

Star taken: by your Staff, and the re- 

| * mainder is the Latitude; becauſe the 

Star was above the Pole, or higher than 
the Pole, by ſo much, as in the Table. 

Admit 1 obſerve the Star when he is 
under the Pole upon a SS E Gmard , I 
look, ard find it is under the Pole 2 deg, 
29', or lower than the Poles Flevation 

_ by ſo much : therefore I mult adde (it 
to the Altitude taken, and it gives the | 
Latitude, The like is to be underſtood 
at any other time 3 but | fite theſe 
times, becauſe they are the beſt times 
for obſerving the Star, in regard of its | 
flow aſcent or deſcent at thoit times : 
for you ſee if you gueſs the bearing of 
the Guard a whole point amiſs, it will 
be no ſenſible errour, the Declination al- | 
tering but 1' in a whole point, 

Lipon an Ealti or Welt Guard is a 
g00d time, becauſe by obſerving the 
North Star, and Guard.to be both of an 
height, you are ſure the Guard 1s an 
Fatt or Welt Guard, Thus much ct |} 
the Ule of thele Tavles, 
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"""UHXAP. IX: 
To find the Prime, the Epa&, the Moons Age, &c. 


I. Zo find the Prime or Golderi Number. 


= He Prime ſignifies 19 years, in which time the Moon makes al| 
Þ® her Revolutions and Aſpedts with the Sun, and is returned to 
the ſame place in the Zodiack that ſhewas 19 years before, 
To find it, adde 1 to the year of our Lord, and that ſum 
divide by 19; the remainder of the diviſion is the Prime 
that year. 


Example, for the Year 1684. 3 
X58 5(8 
Adde 1 to the year, - and *tis 1685 z *which divide by x gg 
19, leaves for the Prime 13, which is the remainder of the 7X 
diviſion. 


2, Toifind the EpaCt. 


*T- He Epad is the Cifference that is made in a year. between the Sun 
and Moons Revolution 3 and *tis thus found : 
See what the Goulden Number is that year, and divide it by three: 
Now for cvery unite that is left of the divition, count 10, and adde it 
to the Prime; it the number excecd 3o, the Epad is what it is above 
305 if it bejult 30, the Prime and Epa? that year are' both one it it 
be leſs than zo, the number it (clt is the Epa@, 


Ld 


Let the Prime be as before, ( for the year 1684.) 13 I 

divide it by 3, and the remainder of the diviſion is 1 :' this 

I call 10, and adde it to the Prime 13, it makes 23 the E- 
pac} that year.” 


To fend the Moons A oe, and High Water.- I43 


3. Zo find the Moons Age. 


A Dde the day of the month, the months from:March: ( counting 

March one ) and the Epa& for the year , all three together, 
and the ſum is the Moons Age, if it be leſs than 30 3 but if it be more 
than 3o, caſt-away Zo, and the remainder is the Moons Age. Onely 
obſerve to tell the months from March, thus: for March 1, April 2, 


May 35 Tune +: Fuly J5 Auguſt 6, September 7, Offober S, November 9, 
December 10, January 11, February 12. = 


Example. 


Let it be required to know the Moons Ape the 20th of 13 
Septem. 1684; I adde the Epad 13,and 7 for the months ©7 
from March, and 20 the day of the month together, and 20 
it makes 40 , from which I take 30, and the remainder is 
the Moons Ape that day, namely 10 days old. = 

If you would know when it is Fl! Moon,it is what her Age wants of 
153 and for her Change, what her Age wants of 30. 


4. To find the time of High Water, by the Moons Age. 
AN be certainly known, that at a place it flows at 6 of the 
Glock at Full and Change, 1 demand what time 'tis Frll Sea 
when the Moon is 7 days old. 


Example I, 


Multiply the Moons Age by 4, and that pro- 
du& divide by 5, and the quotion ſhall be the 
\ hours, the remainder of the divifion the mi- 
nates after 6 of the Clock in the morning, that 
tis Full Sea. In this caſe it is 5 hours and } 
--of an hour, or 36s minutes. I ſay then, that when the Moon is 7 
© days old, it flows 5 ho. 36' later than 6 of the Clock, which is 11 of 
the Clock 36 minutes. 


144 To find the time of High Water or Full Sea. 


| Example 2. 


| Admit the Moon were 14 days old, I demand the time of Full Sea: 
I multiply and divide, and the quotion is 11 ho. 12'z which I adde 
to 6 ho. and it makes 17 ho. 12'3 from which if you take 12 hours, 


the remainder is the hour of High Water in the afternoon, which is 5 a 
Cleck 12", 


Example 3. 


It the Moon were 15 days old, I multiply and divide, and find the 
-quotion is 12, and the remainder is 003 from whence I conclude *tis 
High Watcr at 6 of the Clock, and that it is a full Moon. Now after 
that time of her Fzll, you may reje&*15 days of her Age, and reckon 
her Age above the Full, as though it 'wereher Age indeed. 


Example Aus 


Admit the Moon were 19 days old; I multiply and divide, and the 
quotion and remainder is 15 ho. 12'3 which adde to 6 hours, gives 
9 of the Clock 12' for High Water, in the afternoon or. morning. 
( There may be 22” or thereabouts, added for the afternoon Tyde, be- 
cauſe of the diſtance of time.) But now I ſay, if in this Example you 
bad neglected the 15 days of the Moons Age, and multiplied 4 by 4, 
it would have been 16; and that produ@ 4ivided by 5, would have 


been 3 ho. and 12'3 which added to 6 hours, is the morning Tyde, 
'.9 of the Clock 127. 


a, To'find what year zt 1s from Leap-year. 


Tvide the year of our Lord by four, and'the-remainder-of the di- 

viſtion 15 Leap-year 3 or if yet negle&q the thoufand, and the 

hundreds, and the ſcores, and divide the remainder which is under a 
ſcore, 1t gives the ſame thing. 


Example 


To find the Dominical Letter, 145 


Example I's 


What year from Leap-year is 1634 ? Here, if I (o 


divide 1684 by 4, the remainder is 03 and if I di- PEEL (421 
vide 4 by 4 ( and negle& the ſcores and all above 44 4 


' it ) the remainder is © : | ſo that from hence I con- (0 
dude this year 1684 1s Leap-year 4 (r 
| Example 2, # 
| What year from Leap-year, is 1686? I divide 6 (2 
| by 4, and the remainder of the diviſion is 2 : from & (1 
| whence I ccnclude, it's the ſecond year from Leap- * 44 
| yeare | . 
6. To find the Dominical Letter for 1684. 
Dde the year of our Lord = | 1684 
" And one fourth of 1684, which is 04.21 
And 4, together | 0004. 
The ſum is 2109 
' Divide that ſum by 7, and note the remainder of (2 


the diviſion, which here is 2 : ſubſirad it from7, 2x gg (301 
and the remainder is 5. I fay-then the Dominical 7 7 
Letter is the fifth Letter in the Alphabet, namely E, 

for the year 1684. | 


V7 Een I was a Youth of about fifteen years of age, I went to Sea 
under the command of Captain Kempthorne of New England ; 
and after ſome hardſhip, and about eight months time ſpent on that 
Voyage, we loſt our ſhip at St. Antonies Cone of the Cape de Verde 
Iſlands ) and to tell what we endured then, would be too long a di- 
grelſion : but to be ſhort, we built a Boat out of the pieces of the 
(nip that drove aſhore, and went over to St. Vincent ( an Ifland there» 
by ) where-was ſome Bandeded Portugals, Roman Catholicks in their 
Perſwaſion, and it being Sunday, they had a Kid a roſting, 3 but we 

V had 


had Joſt a uy, i {pA and thought we fhoald how 
had the Kid, becauſe it vas their fifth Jay, but found the contrary, 
and by them were fatisficd that it was Sway, or ele had gone to Sea 


in our Boat and miffcd Barbadors ( foronght T know ) 5 but we pro- 
_ cceded in our Voyage and arrived in our Boat very fake fifteen Soak 
of vs, { Gods Name be praiſed. ) Now this ts Angament enoagh to 
me to fet Jown the following Rules to find theday of the Month. 


And T. To find what day of #he Week the firſt of March falls 
en, my Father comprized theſe Vayfes. 


Some of 'the Vetr, one Forth wnd two, 
Divide by feveh, #he viſt cont you. 


From Sunday to the fivft of March. inclading both. 


T. Engle Anno 1684. 


The firm of the year iis 2684. 
The ori forth part of 'it is A2T 
To which adde 0 

The fum'is 2107 


le ANAA% & an gud 


Which fur divide by 7, "there 'xemairs © of 'the Aiviſion; from 
whence 1 <onclude, that 'this year 'the firſt Yay of h 
March is of a Furnrday. Tf therremainder ofithe Y (@ | 
viſion 'had been 'E, T __ Have: 'coutifed (it - Sundays WXOP (3 00) | 

if, Munday' if 3, 5 if 4, Welneſday's it 5, PIP 
Thi fe aay: 5 if 4, iP os y E774 Or Q,* Saturday. 


- 2, Exaniple 1685, 
The! ſum of the: 'yearis 7685 
The 2 of thatifiim'ts 421 
Fo which ade - S 
Siitm 2108. 


Which urn Aivided 'by 7, Teaves 'the remaining Gr 
part of the divifion'to be #1 : fromiwhence Fconchude -2;x #8 (301) 
the firſt day of-March will be'of a Sunday the'next. LEE ?P 


year 1685. «6 Secondly, 


What day of the week will be the ferſt of March. 147 


_ logo temet with ke firſt of March. 


For the cafe of memory, wy Father comprized this Diftick. 


CY —_ o ©, 

wy VY ty 

An end comes grateful ever | 

From Death and Fears contagious Gueſt, 

Q wm WS > 

TY % : | 

I * 8 TS > D 

Q =o Q Q WV 
a 0 U S DV 

WG S AQ ty Bk 


Theſe twelve words fignifie (in their fuft letters )) twelve nume 
bers of the twelve Mwths of the Tear, beginning with March. (CA) 
| then being the firſt letter in the Alphabet, ftignihes the hrft of Mareb 3 
(E) the fifth letter, Ggnifies the 5th of 4prils CC) the third letter, 
fignihes the third of Mayz (G} the feventh letter, hignifes the 7th of 
Fane : and fo proceeding with all the reſt, Now theſe days of each 
moath are all the ame week-day that the firſt of Mzreb is: As, if the 
the firſt of Mareb be Sznday, then the 5th of A4pril is Sunday, and fo is 
the third of May, and the 7th of Fre, and the 5th of Fly, and the 
ſecond of 4zga(t, and the 6th of Septeneber, and the 4th of Ofober, and 
the firft of Novewber, and the 6th of December, and the third of Fanz- 
ary, and the 7th of Febrzary: Or if the firfi of March had been any 
day eMe of the week, the reft would have bcen the fame day of the 
week, @c 


Thirdly, Admit I know net the day of the week, nor alſo what 
_ week 2t is in the manth, whether the firſt, ſecond, third, or 
fourth; I demaud the day of the month. 


Exanep! Ce | 
Suppoſe the fourth week tn Jue 1634, I would know what day of 
the month Mend ay is. S.2 Firtt 


ol 


148 What day of the week will be the firſt of March, 
Firſt, find the firſt of March this year, as hath been ſhewed. 
The remaining part of the diviſion is ©, 

therefore, according to the Rule, the firlt of 1684 

March was of a Saturday. And by the pre= 421 

ceding Diftick,, the 7th of Jane was of a Sa- 2 2Y#?(3a) 
turday; and then muſt the next Saturday TT 7 77 

be the 14th ( for the ſecond week in June) ne 

and the 21th of a Satrrday for the third 

week, and the 2th of a Saturday for the fourth week; ( to which 
adde Sunday and Munday, which is two days) and it makes Muy 
dayin the fourth week in Fzne to be on the 3oth day ; The like for 
any day elle. | FE 


It may fall out, that a man is to ſeek, what week, it is of a month, whether 
the firſt, ſecond, third, or fourth, and yet be may know what day of the 
week it is two : But now inthy caſe, how ſhall a man doto know what 
day of the month that day of the week i ® 


For this ( the beſt way that I know ) 1s to help himſelf by the 
Moons Age, if he can conje@ure what age (he is within a few days ; 
which he may do ſome way or other, either by her bigneſs, or her fol- 
towing the Sun upon her increaſing, or rifing after the Sun upon her 
decreafing : or if a man be aſhore, he may guels within a few days the 
age of the Moon by the Tydes. 
This premiſed, that we may guels at the Moons age within a few 
days, we'll ſtate the Queſtion. 


Fourthly, Admit upon a certain Munday 7n July 1684, I would 
know the day of the month, but Know not what week of the 
month this Manday 5, whether the firſt, ſecond, third or fourth, 

and ſo not whether it be at the beginning, middle, or ending 


of it. 


Or the reſolving this doubt, I look upon the Moon ( if at Sea, 
| Pg where I cannot ſee the time cf'the Tyde ) and I find ſhe is in- 
7Ferealing nor far from the fun, ror very near him, and therefore Vl! 
* gueſs the Moon to be ſeven days old, and the EpaGt this year is 23, 

and Fuly being the fifth month, I adde theſe two together, ( name] 

the Epad and the month from March }) and they make 28 z to which 
if you adde the ſuppoſed Moons age ſeven days, it makes 35 3 from 
= | | which 


The ExtraGion of the Square Root. 149 


which ſubſtra& 30 ( becauſe it's above a whole Moon )) the remain- 
der is 5 for the day of the month; but by the Diſtick the 5th day of 
July ſhould be of a Satwraay, and therefore Mxnday being two days 
after it, is the 7th day of the month. This, when your Epad? and 
months from March be more than the ſuppoſed Moons Age. 


CHAP. A AL 


How to Extra the Square and Cube Roots of any 
 aumber, both by Arithmetick , and by the Table 


of Logarithms at the end of this Book. 


I. Of the Extraition of the Square Root. 
T:: Square of ary number is that number mulciplicd by it ſelf; 


as 4 multiplied by it felf is 16 ( the Square of 4 )3 and the 

Root of any number is the number it (elf, as here 4. is the 
Root of 16. And it is requiſite that the young Sea-man or Gunner 
ſhould readily know the Squares of all the nine Digits 3 which this 
Table ſheweth. 


Root 2323444444 
Square 1 4 9 16 25 36 49 64 8r 


Example 1. 


Admit I would Extradi the Square Root of 4.096. 


I ſet my number down, and draw a crooked Line 
for a Quotient, as you ſee here in the Margen, and 
prick the firſt figure from the Quotient , and every o- 499% ( 
ther. Now ſo many figures as there is pricks, will * * 
be the number of figures contained in the root of the 
given number. 

My ſum being thus fitted, I ask what is the great- 
eſt Root in the firſt Square 40, and I confider 6 is the 
neareſtleſs 3 for 6 times 6 is 36: ( note, always to 


take 


£ 4 
ww nl, 


350 
take theneareſtleſs.) Ser 6imthe Quotient, 
and 6 ups the prick, and ſay, ( as un com- 


MOI om ) 6 times Gis 36 from 40, amd 
ofic- nennaiindey is 4-3 daſlr as youigo, and! the: 
fun will frand' thus. 

This done, double the Quotient fora new 

Then ( as in common Divifion) ask how 
many tunes 1 you can have in 45 ( but take 
this care that you take: no more times: than 
tlrat fo takew and fet upon: the next 
and multiplied bs it (elk, (as well as the: 0- 
thees by is ) will be taken out of the remain» 
ing Diviſor: ) ard with this cautiwn,, do as: 
5 hm 2 Divifion,, and yous fum is done, 
and lands. thus; 64 bewwg he Root, and: no- 
thing remains. 


Example 2. 


Admit I wonld cxtrait the Square Root of 


375%7 ( 


Firſt T fet itim order, and proceed in the 
fame manner 4510: the laſt Example, and the 
Root is £93, ard a part of a unite above; bur 
is you would prove: whether this Root be ex- 

racked true, moltiphy the Drvtient in; ft felf, 
and adde tm the: remainder of the Divition,, 
and the Produd& will be the Dividend, as you 
may fce in the Marger. 

If you would: extract the fame Root to 
the tenth part of a unite, "tis but adding two 
GCypners to the Drvifos, with a little dai bee 
tween, and the Root will be as tn the Mar- 
gen, £93, 3 that is, 293 and & tenths of a 
unite, It you would have tt done to the 
hundrceth part of a wite, you muſt adde tour 
Cyphers, and fo you may come infiniccly 
ner, though, not exatly t> be done TRE 


forme ſean, by. the larmcdlt man living, 
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The Extratiion of the Cube-rov. ng 
ard Cach imumibers as will not ibe extraGted without leaving a remain- 
dex, ure therefore called Snrd members. Thus much for the Square 
Roots 


"The Cubeof ary number'is that number multiplied in itſelf, and 
that Product mutiiplied by the ſame again. Thus, the : 

if 4is 16 5 4multiply 16 by 4, any it produceth 54, which is the Cube 

of 4 : fo 4 sithe Cube-xoot of 64, The like its to be undexftood of 

any 'numbericlfc. But'before you go forward, iit will be convenient 
that you thave'the'itable 'of ithe Cube of every number, from :1 to-9, by 
krart and therefore T have. here:inferted them. 


TheiCube of T1 is © The Cube of : is 216 
TheCubeof 2 's o8( \The Qubeof 7 is 343 

The'Qube:of 3 is 27> The Cubeof ; is 5TI2 
The Qdbe-ait 4 is %6q4\ JTheCubeof 9 iis 729 
- The'Qubeot 2 is 225 } 


Example T. 
Admit T would extra the Gube-root off this 1number 157464. 


Fixſt ;you are to (underfand 'thatas 'yourprick every ſecond figure 
wwhen'you-extraQtithe Square Root, fo yourmult prick every third/figure 
toextradt ithe Cxbe-root of a'number, (thus : 757454/( -And as many 
pricks-as'there 'ts under'the: given murnber, ſo .many figures will-be.in 
the Gube-root-of yourinumber, {as inithis:cafe'two hgures.). 

But toiproceed : Having 'f{et my fum 'in-order 
thus, 'and-having'the preceding Table by heart, I 
demandithe-greateti Gube [in the tuft. Cube-num- ©57464(5 
ber 157, and] fmdithe: greatelt (lefs):.is 5; 1 {et Mig. 
5-in the Quotient, and<cube:it, and:it.makes 125, 125 
Set 125, 4siin 'the'Margen, and \ſubſtra&:itfrom IT; x 
X57, and 'the: comin its '32 3 to which carry 32404:r7/0iound, 
YJown'your'next:Cxbe-464, and 'the:number will 
tand'ithus, 32464 3 which 1:call:the/Reſolvend.. 


Then ſquare the Quotient, and treble that 
Square, and it makes 75 3 alſo treble the Quotient, 
and it makes 15 3 ſet them down as in the Mar- 
gen, and adde them together, and the ſum 765 is 
a new Diviſor , and ſiands ( as there you may 
ſee.) 

Now let the whole Reſolvend (except the fi- 
gure next the Quotient ) be accounted as a Di- 
vidend, and demand how many times 7 ( of the 
Diviſor ) you can have out of 32, (that is, his 
correſpondent part in the Dividend ) and take as 
in common Diviſion ( obſerving all cautions as 
you do there ) and I find I can have 4 times 7 3 
ſet 4 in the Quotient, and the fum will Rand as in 
the Margen. 

Next, multiply the 75, which was the treble 
Square of 5, <{ in the Quotient, and was 75 ) by 
the 4 in the Quotient, and it makes Zoo 3 ſetit 
down as hereyou ſee, and the ſum ſtands as in the 
Margen. 

This done, multiply the 4 in the Quotient in it 
ſelf, and it makes 16 3 and that by the treble of 
5 (in the Quotient, which is 15 ) and it makes 
240, and ſet it under 3oo, as in the Margen : 
alſo cube the 4 in the Quotient ( which is 64 ) 
and ſet it under 240 and them ſums adde toge- 
ther (as in the Margen) and they produce 32464 
which- ſum ſubſtrat from the Reſolvend, placing 


the remainder underneath, which will be oo000. 


Thus the work is finiſhed, and the Cube-root of 
157464 is 54 juſt, 

C Now this is to be minded: If the ſum laſt 
which was ſubſtracted from -the Refolvend had 


been more than the Reſolvend, the Root is not 
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157464 (5 


125 


4 2464. reſolverd 
75 
WE 2 
_765 diviſer _ 
157464 (54 
125 | 
32494 reſolvend 
T5 
= 
765 diviſor 


157454 (54 


125 
3 2464. reſolvend 


75 
5 


com. 


= T2 

M ..._0 

157464 (54 

125 

_32464 reſoJvend 
75 


extracted right, and it muſt be done again , for the Root is too 


much. | 


C For every Cube ( which is known by the points or pricks ) ex- 
Quotient ) a Reſolvend is 


cept the firſt, ( which is fartheſt from the 


to be ſet apart, by bringing the next Cxbe to the remainder. Allo, as 


often as you have a new Refolvend, ſo often you muſt have a new Di- 
viſor, which is found thus : Adde the treble of all the R 


— 


oot in the 


Quotient, 


os Aa  -, yr”, ,g, emty oo emmy, cy, yoo 


—_ ou es, _ oy, > =o, 4 vw wu oo = wnWic oy Nos tg 


— yy a 


| ms ol 


you carefully uſe tor-to guide you in your work. 


Example 2. 


Suppoſe T would Extract the Root of thi number $203248. 


Firſt, diſtinguiſh the Cubes by the pricks (as 
bath been fſhewed ) and then demand what is 
the greateſt Cube in & ( which is the firſt 
Cube-number ) and I conſider 2 is. Set 2 in the 
Quotient, and then cube the Qporient and it is 
$; {ct 8. upon the prick, uncer's, and ſubſtract it 
from 8, and ſet down the remainder underneath 
| (which is ©) 3 to that o bring down the next 
Cube, which is 203, and the Work will Rand 
thus. | 

Now. this Work ( as I fay ) is no more re- 
peated in the whole Work. Draw a Line under 
the Reſolvend, and ſquare the Root in the Quo- 
tient ( which is 4 ) and treble that Square, and 
it is 12 : this I ſet down under the Reſolvend (fo) 
that 2 (in the unites place) may ſtand under 2 in 
the Reſolvand. - Again, treble the. Root in the 
Quotient, and it makes 3 (ct it as. you-ſ{ee in the. 
Work; then. adde them together,'and they pro- 
- 126 for a new Dexvizer, and the. Work ſtands 
knus, ; 

Next, counting all the figures-of the Reſolvend, 
Pay that furtheſt to the right hand, for a Divi- 
dend, I demand how .often I gan, have the Devizor 
(which -4s-126-) from, the Reſolvend | ( except; 
ing one figure to the right hand) and I find 1 can- 
not. take itzonce,, and therefore I ſet © in the Quo- 
tient, and becauſe the three numbers that ſhould 
ave been produced (( as in the firſt Example ) by 
the multiplying of.o by 0, FREE 1 © the Re-. 
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Quotient to the treble of the Square of the ſame Root, after they arc 
faced in that order as is ſhewed in the Work before wrought. | 

C The way of tinding the firſt figure of the Root of any number, is 


onely uſed at firſt; but all the work afterward is uſed for finding every 
place ( except the firſt in the Root.) Now theſe Notes I would have 


'I2 


. 


8203248 ( 


Pe PEE 


——_ 


Sum in order. 


$203248 ( 2 
© o 4 -» 1 
-- 


0203 reſolvend 


—— 


$203 248 (2 


0203 reſolvend 


I2 
06 pier 4: 20 


126 Devizor © © 


et 


— 5... 


0203 reſolvend ... 


06 
126 devizor 
203249 reſolv. 


(olvend 
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ſolvend continues the ſame it was before: therefore ( drawing a Line 
under the Devizor ) ſet down the fame Refolvend 203, and brin 
down the next Gube-number 248 and ſet to it, on the right hang; 
ſo you will have 203245 for a new Reſolvend, and the Work wil 


ſiand thus. 

Then 1 {quart the Root 20, and it makes 400; 
I treble that Square, and it makes 1200, Set it 
down under the new Reſolvend, and as you ſee 
in the Work ; then ſet the treble of the whole 
Root in the Quotient 20 ( which is 60 ) under- 
neath 1200 in the manner , as you fee in the 
Work: ( for the © is under the laſt figure but 
one to the right hand of the Refolvend, and hath 
been ſo all along to every Relolvend.) Adde 


them together for a new Devizor, and. the ſum is 


12060, and ſtands thus, 


8203248 (20 
o_ 
0203 reſolvend 
I2 

06 

I26 devizor 
_203248 reſoly, 

I200 

60 


12060 devizor 


Now counting the whole Reſolvend, excepting the laſt hgure to the 


right hand, for a new Dividend, I demand how 
many times I ( the left hand figure of the De- 
'«vizor) Ii can have in 23* and though I can 
have twice one, I muſt not take itz for then in the 
concluſion the ſum will be more than the Reſol- 
vend, which muſt not be 3- but I take 1, and write 
it in the Quotient, then multiplying 1200 by the 
hgure laſt placed in the Quotient, the produdt is 
© the ſame, becauſe it was but 1 that multiplied it : 
place it under the 1200, as you ſee 3, alſo multi- 
ply the treble Root 6o by the {quare of the figure 
laſt placed in the Quotient 1, and'it is ( 60 ) be- 


cauſe 1 neither multiplies ner divides,” and fet it © _ 


under 1ac0, fo as you ſee. ' Laſtly; cube the aft 
figure in the Quotient, and ſet it under, as you ſee 
( the Cube of 1 15 1 ). -Set-it*under the laft, 'or 
right tiand figure of the Refolvend, and adde them 


all together, . their ſum is 1206015 which num-- 


ber ſubſirat (rom the Refolvend 203248; and 
the remainder is. 082647, * | 


i (201 

0203 reſolvend 
pn 
O06 


126 devizor 


_203248 reſolu, 


I200 


60 


120601 ablatit. 
| ©©82 647 remaitl, 


IA. At > Hs 2 


Thus the Work is finiſhed, and 1 find the Cube-root of 8203248, 
is 201, and ſomething more, becauſe there remains $2647 3 but how 
much it 1s more, no man in the world can exaly tel], although it 


may be done infnitely nearby adding ternariesof Cyphers, to wit,000' 


t0 
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to the number whoſe Root is to be found : one ternary will bring i! 
to the tenth of a unite, two ternaries ( thus, 000. 000 ) added will 
bring it to hundreds of a unite, &c. But this may ſuffice for the A 
rithmetical Extra&ion of the Cube-root. 2-2 

But becauſe it ſeeras intricate to do it this way, and indeed *tis not 
common for Sea-men and Gunners to be fo good Arithmetitians , { tor 
whoſe ſake I write this ) I ſhall here following ſhew a very caſte way 
to extract both the Squere and Cube-root by the Tables of Loga- 
rithms. 


Ew to extraft the Square Root of any number, by the Table of 
Logarithms. 

4 you would ſquare any number, look for the Logarithm of that 
number, and double it : the number an{wering to that Logarithm 

is the Square required. 


Example. 


It 1 would know the Square of 5, the Logarithm is 0.69897 
2 


—————_— 


The double of that Logarithm is 1:39794 

The number anſwering this is 25, the Square required. 

"Tis evident then, that if you would extract the Square Root of any 
number, that if you take the half of his Logarithm, the number an- 
{wering to that, is the RoG6t of that number, 


Example. | 


Let it be required to extra the Square root of 25. 
Tlook for the Logarithm of 25, and itis 1.39794 
The half of his Logarithm is 0.69897 


Now the number anſwering this half is 5, the Roo of the number 
required, | 
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To Extratt the Cube-root by the Table of Logarithms. 


F you would cube any number, look for the Logarithm of tha 
| number, and treble it 3 the Product ſhall be the Logarithm of the 
Cnbe of that number, | 


Example. 


Let it be required: to cube 5., 
E look. for the Logarithm of 5, and it is 0.69897 
I multiply it by q 


INNS 


And the ProduGt is this Logarithm 2.09691 

I look in the Tables, and tind the number anſwering to this Loga- 
rithm is 125, the true Cube 5, which was required. 

It is evident then, that if you would extract the Cxbe-root of a num- 
ber, take the third of the Logarithm of that number, and it ſhall be the 
Logarithm of the Root xequired. 


Example. 


[ct it be required to extract the Cube-root of 125. 

I look: for the Logarithm of 125, and it is 2.09691 

One third of it is 0.69897 

Againſt which you will find 5, which is the Crbe-root of 125 re- 
Qinired. . 

Thelike for any number whatſoever. This may be ſufficient for the 
Extraction of the Square and-Cube. 


CHAP. XXIL. 


Some Caſes of aright angled Plain Triangle, perform- 
ed by the Square Root. x 


CASEL 


Diſtance run, and difference of Latitude given, to find the: 
Departure. 


Queſt, I, Admit I-{ail upon ſome point between the South and the. 
Eaſt 55 leagues, I demand my departure from my Meridian, provi- 
ded I have differcd my Latitude 1 deg. 30” or 30 leagues ? 


Note, The $quare of the longeſt fide of any right Lined right angied Tri- 
angle, is equal to the Square of the other two ſides,  Eucl, 1. prop.47. 


B 


{quare the difference of Latitude C A 3o, and fubftract it 
trom the ſquare of C B, the remainder muſt be the {quarc 


ot A B, the Meridian-diſtance ; the Root of which nuinber is the 
fide A B, 


of then if we {quare the ſide CB 58 leagues, and afterwards 


bel 


Exampl Go 
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Example. 
| AC 3o 
Facit. 49 for the fide AB W- . 
900 
| — f 
« The Square is 3364 
F 900 
o The Square of AB 2464 | | 
Next, to find the Courſe. 6 
\ 


We have now the Meridian-diftance found to be 49 $8 4(3 
leagues, and the difference of Latitude AG 3o leagues # 4# 4(49 
15 given. 424835 

| A General Rule. 

Take half the length of the longeſt of the leſſer fides, and adde it to the 
longeſt fide, ( which ts the diſtance run and ſay, 

As that ſum, is to the ſhorteſt fide ;, ſo is this general number 86, to the 
Angle oppoſite to that ſhorteſt fide ; which { in this caſe) is B, the Come 
plement of the Courſe to go degrees. ( I have ſhewed in the Do- 
rine of Triangles, how the three Angles of any right lined Triangle 
contain but 180 degrees : then, if {o, one Angle being 90 degrees, or 
a right Angle, the other two mult be Complements one to another, as 
in this caſe.) To procecd : 


Example. 
The longeſt fide 1s B C 58 
The Jongeſi of the leſſer fide is A B49 its half, omitting 
the halt unite, is | d25 0 


Which together are $83 
I ſay then, If the ſum of half A B, and all B C 83, gives A C 30, 
I hat (hall 56 give? And it gives 31 deg. 5', which is the Angle 
$3 3: $0 1; at B, whoſe Complement to 
90 deg. 1s the Angle of the - 


I = 58 deg. 55 to the 
Fg (7 2580 q ) I 
X 5 8& (31): 7 (s Eaftward of the South 


But 


_ 


Triangle wrought by the Square Root, x 59 
But you may ask how the 5' comes out : you ſee the remainder of 
the firſt'diviſion is 7 3 I multiply that by 60. and it ptves 4204 and 
that Product divided by the fult Diviſor 83, gives the minutes that be 
contained In the fraction, which here is 5/. 


CASE 2. 


The diſtance run, and departure from the Meridian given, to 
find the Courſe and difference of Latitude. 


Queſt. 2. Let the departure from the Meridian be 30 miles, and the di-. 
ſtance run 54 miles, I demand the Courſe and difference of  Latitnde, 
provided I ſailed between the North and the Weſt. 


N this caſe, ſquare the diſtance run by it (elf, and the departure from 
the Meridian by it (elf, and ſabſira& the leſſer ſquare .from the 
oreater, and the remainder is the ſquare of the difference of Latitude ; 
becauſe the ſquare of the longeſt tide is equal to the ſquares of both 

. the other two ( as hath been ſhewed') 3 the Root of which is the dif- 
ference of Latitude required. 


Example, for the difference of Latitude. 


30 54 
3O 54 
The Square of the Departure 900 216 (8 
270 ® 4#(0 
| — 2#Xr6 (44 the diff, of 
The Square of the difference 2916 484 Latitude. 
900 


mmm, 


The Square of the difference of Latitude 2016 


For the Courſe. | 


I take half the length of the longeſt of the lefſex fides, and the 
longeſt fide, and adde them together, and Tay, If that ſum ( which is 
76 ) gives ghe leaſt fide 30, what ſhall 86 give, and it gives in this 
Example 32 dg. 36', which is the Angle of the Courſe, becauſe it's 
againkt the ſhorteſt ſade, which is the departure. 


CASE 
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CASE 3 


Difference of Latitude and Departure given, 'to find the Courſe 
and diſtance. 


Queſt. 3. Let the difference of Latitude bh: 60 miles, the Departure 38 g 
miles, 1 demand the Conrſe and diſtance run. 


Firſt, For the Diſtance. 


Conſider the ſquare of the difference of Latitude, and the ſquare 
of the: Departure, are equal to the ſquare of the diſtance run 3 there- 
fore ſquare them ſeverally, and adde their ſquares together, and that 
ſum is the ſquare of the diftance run , the root of which, is the length 


.of that hide. 


i 7-60-11 _8 
60  3$ 
The difference of Latitude ſquared is 3600 304 
The Meridian-diſtance fquared is 1444 . 114 
'Theſum is the ſquare of the diſtance 5044 I 444. 
The Root of which number is 71, the diſtance re (3 
41n miles required, SO A&(71 
TRE 
"_—_ 
Sondly, For the Courſe. 


I-take (as before ) the longeſt of the lcfſer fides, and adde the half 
Of it to the diſtance run, and it makes IOL. 

I fay then, If 101 gives 38, what ſhall 86 give? I multiply and 
divide, and find 32 tor the Quotient, and 36 for the remainder; 
which is 32 deg. 21', the Courle made g00d. The like of any other 
of this kind. 


| Some Caſes of 


CHAP. XXIIL 
Oblique angled Triangles, performed 


by the Plain Scake. 


CASE 1. 


Two fides, with an Angle oppoſite to one of them gzven, to find 
| the other Angles, and the fide. 


Queſt. 1. Admit there be two Ships ſet 


one ſails North 


from one Port , 


North Eaſt 5% leagues, the other ſails 67 leagues, ond at the end of 


ber ſailing the 


diftance aſtinder, and =, ſecond 's hips Courſe ? 


Sonar ren puuugagru vo VuguyY 


ERR vvvo 
S 


firſt Ship bears from her North Weſt \ I demand their 
a: .C 
w\ 


I'8 


0* 
» 
o 
*» 
- 
* 
ny 
* 
* 
* 
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 ® 
PTL. 
LLTT TH . © — CCS 
Ss a 


O do this, draw the North and South Line A D 3 and making A 
the place of your Ships ſetting out, ſet off a North North Eati 
Y 


Courſe 


Tay F”, Le" be”. Þo” gs Re 4 £7 is F, I" _— OR 
MN 0 oo. ov] Lg Ig 
© 46» WH . 
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Courſe from A ( which is the firſt Ships rumb ) and upon it ſet of 
her-diftance run 58 leagues, which reacheth from A to B : then from 
B. as a center, deſcribe the Arch AC, and from A, towards C, et of 
ſix points, and draw the Line BC, which is a South Eaſt Courſe from 
B, or from CtoB is a North Weſt Courſe, according to the Queſi. 
on. Laſtly, take the ſecond Ships diſtance run 67 leagues,.and fixing 
one foot in A, where the other foot of your Compaſſes cuts the North 
Welt and South Eaſt Line BC, there muſt your {econd Ship be ( which 
is atC ) 5 and this is evident, becauſe CB cuts the firſt, and ts a North 
Wek Line from the ſecond, as the Queſtion gives it. 

Meaſure the ſide CB, and it's the diſtance of the Ships one from 
the other, 62 3 leagues. 


Meaſure the Angle at A, whoſe meaſure is O C, and is (0 many de. | 
grees or points to the Ealtwards of the North, North Eaſt ( the firſ 


Ships Counſe ) it makes 3 I find it here to be North North Eaſt 59 


deg. 3o' Eaſterly, or Eaſt 8 degrees Northerly. The like for any other 


of this nature. 


CASE 2: 


The Angles of a Triangle, and one of the fides given, to find the 
other two ſides. 


Queſt, 2. Admit I ſet from 2 certain Port, and ſail Weſt by South 38 
leagues, and then meet with a Ship that came from a place that bears 
North Weſt by Weſt from that Port ( if that Ship had ſailed South 
Weft) IT demand her diſtance run, and the diſtance between the two 
places. 


Et C be the place I ſet 


4 from, from which draw 
ED bh, the Weſt by South Line C A, 
: © ar * and upon it ſet off 38 leagues; 
: yY then from C ſet off the Line 


G R, a North Weſt by Welt 
Line ( drawn out at plea- 
{ure )} Laſily, from A draw 
a North Eaſt Line, as AR is, 
till it cut the Line CR,which 
itdothin R; then muſt R 
GC be the diltance between 


the two Ports 3 and RA the 


ſecond 
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ſecond Ships diſtance run, becauſe *tis a South Weſt Line from R, to 
the place wheie the Ships meet. 


The diſtance between the places R C is 21 Jeagues © 
The ſecond Ships diſtance run R A is 27 leagues 7, 
"CASE 3. 


Two fides and the contained Angle given, to find the third fide 
and the other Angles. 


—_ - Oo GO” G9 


Queſt. 3. Admit there be two Ships ſet from one Port, one ſails South Weſt 
by Weſt 38 leagues, the other ſails Weſt 49 leagues, T demand the di- 
ftance between theſe Ships at the end of their ſailing, and their bearing 
one from the other. 


Uppoſe B to be the 
dC A. 


place I ſet from 3 _ 

draw the Weſt Line 

BA from it, and ſet off 

49 leagues, allo draw 

the Line B D a South 

Weſt by Welt Line, 

from B, and ſet off 35 

leaguesapon that which 

reacheth to D, draw 

your fide D A, and fo you have the Triangle ABD. Take off AD, 

and fee what it is: And becauſe AB is an Eaſt Line from A, by an 

Arch of 60 degrees, ſee how many points to the Southwards of the 

Eaſt, the Line AD runs, which is their bearing one from the other. - 
The Ships bear one from the other N W by N 5 4. Witly. 

| ....._ or its contrary. 
27 leagues +; 


They be diſtant from one another 


TY oe NI" El pA v als EE tad 
4 v oF 
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Courſe from A ( which is the firſt Ships rumb ) and upon it ſet of 
her-diſtance run 58 leagues, which reacheth from A to B : then from R 
B. as a center, deſcribe the Arch AC, and from A, towards C, (et of i 
ſix points, and draw the Line BC, which is.a South Eaſt Courſe from 
B, or from CtoB is a North Weſt Courſe, according to the Queſii. 
on. Laſtly, take the ſecond Ships diſtance run 67 leagues, and hixing 
one foot in A, where the other foot of your Compafles cuts the North 
Welt and South Eaſt Line BC, there mult your {econd Ship be ( which 
is atC ) 5 and this 1s evident, becauſe CB cuts the firſt, and is a North 
Wek Line from the ſecond, as the Queſtion gives it. 

Meaſure the fide CB, and it's the diſtance of the Ships one from 
the other, 62 3 leagues. 

Meaſure the Angle at A, whoſe meaſure is O C, and is (o many de 
grees or points to the Ealtwards of the North, North Eaſt ( the firſ 
Ships Courſe ) it makes 3 I find it here to be North North Eaſt 59 
deg. 30o' Eaſterly, or Eaſt 3 degrees Northerly. The like for any other 
of this nature. | 


CASE 2; 


The Angles of a Triangle, and one of the fides given, to find the 
other two ſides. 


Queſt. 2. Admit I fet from a certain Port, and ſail Weſt by South 38 
leagues, and then meet with a Ship that came from a place that bears 
North Weſt by Weſt from that Port ( if that Ship had ſailed South 
Weſt) IT demand her diſtance run, and the diſtance between the two 
places. 


LY C be the place I ſet 
Fong. from, from which draw 
pi wa 4 the Weſt by South Line C A, 
: © %, and upon it ſet off 38 leagues; 
: A then from C ſet off the Line 


GR, a North Welt by Welt 
Line ( drawn out at plea- 
{ure ). Laſily, from A draw 
a North Eaſt Line, as AR is, 
till it cut the Line C R,which 
itdothin R; then muſt R 
C be the diltance between 
the two Ports 3 and RA the: 
| ſecond 
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ſecond Ships diſtance run, becauſe *tis a South Weſt Line from R, to 
the place wheie the Ships meet. 
The diftance between the places R C is _ 21 Jeagues © 


2 


The ſecond Ships diſtance run R A is 27 leagues 7 


> 


"CASE 3, 


Two ſides and the contained Angle given, to find the third fide 
and the other Angles. 


Queſt. 3. Admit there be two Ships ſet from one Port, one ſails South Weſt 
by Weſt 38 leagues, the other ſails Weſt 49 leagues, T demand the di- 
ftance between theſe Ships at the end of their ſailing, and their bearing 
one from the other. 


Uppoſe B to be the 
> pl Ly 


ace I ſet from 3 wo 
draw the Weſt Line 
BA from it, and ſet off 
49 leagues, allo draw 
the Line B D a South 
Welt by Weſt Line, 
from B, and ſet off 3$ 
leaguesupon that which 
reacheth to D, draw 
your fide DA, and ſo you have the Triangle ABD. Takeoff AD, 
and fee what it is: And becauſe AB is an Eaſt Line from A, by an 
Arch of 60 degrees, ſee how many points to the Southwards of the 
Eaſt, the Line A D runs, which is their bearing one from the other. - 

The Ships bear one from the other N W by N 5 4. Willy. 

| or its contrary. 

They be diſtant from one another 27 leagues * 
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CASE 4. 
| The three fides of a Triangle given, to find the Angles, 


Queſt. 4. There be two Ports in one Latitude, diſtant 62 leagues 3 a Ship | 
ſet from the Eaſtermoſt of theſe Ports, and ſailed upon ſome point be. lb © 
zween the North and the Weſt 4. leagues, and then meets with a Shiy 
that had ſailed from the Weſtermoſt of theſe Ports 31 leagues s IT de 
mand each Ships Courſe. 


\ Raw the Eaſt and Weſt Line AC, and from C ſet off 62 leagues 
# on it, which reacheth to Az next, take the Eaftcrmoſt Ships 
diſtance run 48 leagues, and upon C, as a center, deſcribe the Arch $, 


—Yq 


Laſtly, take the Weſtermoſt Ships diſtance run, and ſet it from A, and 
where it cuts the Arch S which is at B, there the Ships muſi needs 


meet. You may meaſure th Angles of: their Courſe, from your fit 
Eaft and Weſt Line AC, 


The Eaftermoſi Ship failed Weſt 29 deg. 20' Northerly. 
The Welſtermoſt Ship failed Eaſt 46 deg. Northerly. 


| Thus much for Oblique Triangles by the Plain Scale. 


7. CHAE--XXEY, 


Propoſitions of Sailing by Mercator's Chard, perfor- 
med by the Plain Scale. 


by the plain Scale of Longitude how to reduce that Reckoning in- 
to Mercator's Projection cvery day 3 and have alſo handled the 
Caſes of Right angled and Oblique angled Triangles by the Plain 
Scale. Yon 
I come now to [hew the Caſes of a right angled Triangle, perform- 
ed by the Plain Scale in Mercator's Sailing 3 which will more tally fa- 
tisfic -you how that Reckoning is converted from Plain to Mercator's 
Projection. 


] Have ſhewed before how to keep a Reckoning by Plzino, and alſo 


PAROB. I. 


To find the Meridional parts contained between any two Lati- 
tudes. 


Queſt. 1. Admit I would know the Meridional parts contained between 
the Latitudes of 51 deg. 10', and 48 deg. oo/, 


Irſt, take the middle Latitude between theſe two Latitudes, which 

is done by ſubfiraGing the lefſer Latitude from the greater 3 and 

half that difference adde to the Icffer Latitude, and it gives the middle 

Latitude : (or if it be fubſtrafted from the greater Latiinde, it doth 
the ſame thing.) _ . 

1 find the middteLatitude here to be 49 dep. 35/, | 
Next, ſee how many miles goes to make a degree of Longitzde in 
that middle Latitude, which I find to be 39 miles (reareit); then con- 
vert your whole difference of Latitude into miles, and it makes 190 
miles or minutes, ( for all minutes of Latitude arc miles : ) Then fay 
by the Rule of Three, If 39 miles gives 60” ( or Mexidional parts } 

what ſhall 190 miles gtve? 


39 


3 
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(I 
Nang RAI Pe 
29 60 I90 YE 9 (2 
60 FE 4 S (292 
Facit 292 Meridional : 21400 # 44 


Parts and 3; of a part 
So I conclude, that 292 is the Meridional parts contained in the 
difference of Latitude. I have ſhewed before how to find the num. 
ber of miles in any Parallel that goeth to a degree of Longitude, by the 
Plain Scale of Chords, and Line of Longitude, and therefore omit jt 
here. 
PRO B. IL. 


The Latitudes of two places, with the difference of Longitude 
given, to find their diſtance and Rumb. 


Queſt, 2. Admit there be two places, the one in North Latitude 51 dep. 
IO', the other in North Latitude 4 deg. 00", and to the Weſtward if 
the Meridian of the Northermoit 4 deg. 3S' 3 I demand their diſtance in 
miles, and their bearing one from the other. 


O anſwer this Queſtion take the middle Latitude, and reduce the 

| difference of Longitude into miles ( as was fthewed in the firſ 

Problem : ) alſo reduce the whole difference of Latitude into miles, 

then have you the difference of Latitude, and the difference of Lonyi- 

tude given, to find the Courſe and Departure, you may protradt it, as 
hath been ſhewed in a Caſe of that kind already. 

The difference of Latitude, reduced into miles, is 


h þ 4 : I90 miles , 
The difference of Longitude, reduced into miles, is 


150 miles. 


. 
oi 


. The Triangle that is 


made with that diffe- 
rence of Latitude: and 
Meridian diſtance , is 
CAB; take off the di- 
ſtance AC, and the An- 
gle of the Courſe at A, 
as is ſhewed. I find the 
diſtance A C is 260 
miles. The Courſe is 
_ the Northermoli 
'ort South 43 deg. 30 
Weſterly. "OY 
But 


Mae 


performed by the Plain Scgle. 16 ” 
But this might have been protraQted by the difference of Longitude 


given Mercator's way. Firſt, thus : See what Meridional parts are 
contained between the two Latitudes ( as hath been ſhewed Prob. 1. ) 


D TE E 


and I find 292 parts; with this and my difference of Longitude in parts 
Lay down the Triangle A DE, as if the parts were miles,and find the 
Courſe at A, as before,to be 43 deg. 30', tothe Weſtwards of the South, 
leading to D. This done,I ſee what my difference of Latitude in miles 
is, and from A, I ſet it off to B, and draw the Line BC parallel to 
DE, and it cuts the raivge of the Courſe in C: ſo then A is the di- 
fiance in miles between the places 3 and A is the Angle of the Courſe 


__— to both the Triangles, and the ſame as before it was found 
tO be, 


PROB. 
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PRO. B. III. 


The Latitudes of two places, and the diſtance between them gi. 
ven, to find the Courſe that leads from one to the other, and 
the difference of Longitnde between them, 


Quelt. 3. Admit there be a Place i in the Latitude of 48 deg. and anotha 
in the Latitnde of 51 deg. 10", and to the Eaftward of the former ( di- 


ſtant 260 miles ) 5 I demand their bearing and difference of Lon- 
gitudee 


N this caſe you have the t ewo Latitudes given, and the diſtance ; {6 
that with the difference of Latitude reduced into miles, and the di- 


ſtancez you may lay down the Triangle A CB (as is ſhewed) ard find 
the Gourſe, as in a common Queſtion, 


The Courfe is North Ealt by North, 9 deg. 45" Eaſterly | z or North, 
43 deg. 30' Eaftcrly. 


But to find the - "OI of Longitude, we muſt lay Adin the Angle 
thus. 


E. 


Find the difference of Latitude in Meridional parts, and ſet it off 
vpon the North and South Line from A, and it reacheth to E ; from 
E raiſea perpendicular or Eaſt Line, and where the Line AC ( exten- 
ded ) meets with that Line, which is at D 3 there the Ship will be, 
(by accounting the fides in parts, ſuch as 60' makes a degree of 
Longitude )3 meaſure the fide E D, and divide it by 60, and your 
Queſtion is anſwered. 


Tae difference of Longitude is E D 275 parts, or 4 dep. 38'. 


Ard this is evident : for, 


As AB. the difference of Laticude in miles, 

Is to AE, the difference of Latitude in Meridional parts 3 

So is BC, the Meridian-diltance, 

To E D. the difference of Longitude in parts, ſuch as 60 is 1 deg. 
- 


/ PROB. IV. 


The Courſe or Rumb, and the Latitude of two places given, 
to find the diſtauce and differeuce of Longitude between 
them. 


Queſt. 4. 4dmit there be a place in the Latitude if 51 dep. 10', another 
in the Latitude of 45 deg, oo'. Now the Northermoſt of theſe places 
bears from the Southermoſt, North 4.3 deg. 3o' Eafterly ; I demand the 
diſtance of theſe places, and the difference of Longitude between them £ 


O lay down this Queſtion, ſubſtra& the Latitudes one from the 
3 other, and fo I have the difference of Latitude 3 deg. 10', or 
190 miles. With that and the Courſe given ( in the Queſtion ) 1 
lay down the Triangle ABC ( as is ſhewed before.) This done, 
find the middle Latitude ( as before hath been ſhewed ) it's 49 deg. 
35'3 and next, the Meridicnal parts contained between the two La- 
titudes, which is 292 parts, Theſe Meridional parts I uſe to ſet off 
the difference of Latitude ip the wy Triapgſe, as I did the difference 
id S+ Or 
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T 


D 


of Latitude in miles in the firſt Triangle 3 and-ſetting it from A, it 

reacheth toE ; from E then draw the Line ED parallel to BC, till 

1t concur in the. diſtance run; which is at D, then reſolve the Queſtion. 
AC is the diftance run in miles, 260 miles, 
E D.is the difference of Longitude in minutes, 278 min. or 4 d. 3$'. 


Take them off, and you will find them to be ſo upon the Scale of 
cqual parts. | 


PROB. V. 


The Rumb, or Courſe between two places, and the difference of 
Longitude, with one Latitude grven, to find the others Lati- 
tude, aud. the diſtance between them. 


Queſt. 5. Admit T ſet from Lunde (which is in the Latitnde of 5 1 deg. 

10) and ſail till T have Weſt Longitude from it 4 deg. 38', and that 

then T bear from it Weſt 46 deg. 30' Southerly ; I demand my diſtance 
from it, aud what Latitude I am in ? 


F* the laying down this Queſtion,I convert my difference of Lon- 
| gitude given into. minutes or parts, by multiplyin g the degrees 
of 


performed by the Plain Scate. *& 
by 60, and adding in the odde 28', and it is 278'. By the Courſe 
given me in the Queſiion, and this difference of Longitude in mtnutes, 


Tay down the Triangle A ED, as any common Triangle is laid down, 
that hath the Courſe and Meridian-diſtance given, uſing the diffe- 
rence of Longitude, as if it were Meridian. diſtance : This done, I ſee 
how many Meridional parts the difference ef Latitude AE is, and I 
find it here to be 292. And thus you have the Meridional parts con- 
tained between the two Latitudes. 

But now to find the other Latitude, you are: to conſider, you know 
not what number of miles is contained in this difference of Latitude 
In parts found, becauſe you know not the middle Latitude ;, therefore 
we'll proceed thus to find the other Latitude : I ſee by my Scale of 
Longitude how many miles goes to a degree in the Latitude that's 
given me, ( which is 51 deg. 1o' ) and] find 38 miles (neareſt.) I 
lay then, If 60 Meridional parts of Latitude gives 38 miles; What 
ſhall mM Meridional parts contained between the two Latitudes 292 
give 

mo 7, 2 6© 
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6o- 1 936 22 6923 


Facit 185-miles lacking four p 2 (5 
ſeconds or 3 deg. 4' 55 of Latt- 2339? rrag(6(v8 (4(3 
tude. | £&6&0 &G © 


I1096 


This 3 deg. 5' of Latitude, ſubfiraed from the given Latitude, 
51 deg, 10O' leaves for the other Latitude 49 deg. 5',which is too much 
Northerly. But let it ſtand. 

We will next ſee how many miles makes a degree in this Latitude 
found 48 deg. 5', and it gives 40 miles. I ſay then, If 60 Meridional 
parts of Latitude,gives 40 miles 3 What (hall the Meridional parts con- 
tained between the two Latitudes 292 parts, give ? 


60: 40. 33. 293 


Facit 194; miles, Or 40 F 2 (4 (1 
3 deg. 14'---40 PY&S(0 (2&(4( 
ts 11650 ggg0 #0 : 


This then makes the difference of Latitude to be 3 deg. 15! (neareſt) 
ſo that the other Latitude then ſhould be 47 deg. 55', which is as 
much too little, as the other before found was too much ; Wherefore, 
the half difference between the two Latitudes thus found, which is 
5', added to the lefler, gives the true Latitude required, 48 dep. oo! ; 
or {ubſiraced from the greates, which was 48 deg. 5', gives the ſame 
thing, namely 4 deg. oo'. The like for any other Queſtion of this 
nature. The rcaſon of this is evident, as appears by the very working 
of it, by the two extream Latitudes, 

The other Latitude being found, I ſubſixak them one from the 0- 
ther, and the remainder is the difference of Latitude, which is 3 deg. 
10', or 190 miles. | 

Thus then I have the Courle in the Queſtion given me,and the diffe- 
rence of Latitude in miles, whereby I may lay down the little Triangle 
ABC, Cas is (ſhewed )) and take oft the fide A C, and meaſure it, 

The Ship is diſtant from Lxnde, or AG is 260 miles. 
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PAOB, VI. 


The Courſe, the diſtauce, and one Latitude given, to find the 0- 
ther Latitude, and the difference of Longitude. 


Queſt. 6: Admit there be a place in the Latitude of 48 deg. oo Nore 
therly, and T ſail from it North Weſt by North 9 deg. 45' Wefterly, 
(which is North 43 deg. 30' Weſterly.) 260 miles, I demand what 
Latitude I am in, and my difference of Longitude, 


O reſolve this Queſtion, Tlay down the Triangle ABC, as hath. 
been ſhewed before in an Example of that nature, and ſee what 
your difference of Latitude C A is in miles; I find it here to be 190 
miles, and the Meridian-diſtance is B C 180 miles, 

Now this 196 miles divided by 60, gives the difference of Latitude 
in degrees and minutes ( which is 3 deg. 10' ) that added to the La- 
titude, I ſet from 48 deg. 00', gives the Latitude I am now in, namely 
51 deg. 10' ( which was required.) | | 
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Next, to find the difference of Longitude 3 I take the half of 3 deg. 
i0/, and ſubſiract it from the greateſt Latitude found ( or adde it to 
the leſſer given ) and you have the middle Latitude 49 deg. 35' 3 then 
ſce how many miles goeth to a degree of Longitude in that Latitude, 
and I find 38 miles. I fay then, (to find the Meridjonal parts con- 
tained between the two Latitudes ) If 38 miles gives 60 minutes, or 
parts 3 What ſhall the difference of Latitude in miles give, being 190 
miles? 1I multiply and divide, and find it gives 292 parts. 
Take this 292, and with it and the Courle lay down the Triangle 
AE D, uſing the difference of Latitude in parts, as though they were 
, miles,.and (o they will reach from AtoE; from E raiſe a Perpendi- 
culir, and draw it out till it cuts the diſtance AB extended in D: 
Laſily, take off the difference of Longitude DE, and ſee how many 
minutes it 15. 


1 tind the difference of Longitude D E to be 278” or 4 dep. 38'. 


PROB. VII. 


To convert any number of miles into minutes of Longitude, or 
minutes of Longitude into miles, in auy Latitude. 


Queſt. 7. Admit 1 would know in the Latitude of 25 deg, 30', how many 
miles is in 4 deg, 38" of Longitude. | 


Educe the difference of Longitude given into minutes, and ſee 
how many miles goeth to a degree in the given Latitude, which 
I find in this Caſe 53 miles doth it. I ſay then, If 60 minutes gives 
$3 miles ; What ſhall the difference of Longitude in minutes give? 
which is 278 minutes. 


60-3 $3 33 239 
Facit 245 miles, ns 


and 34” of a mile PE 
334 &FE#7[34(2655 
1390 £5660 


14734 


If you have occafion to put miles into minutes, or Meridional parts; 
in any Latitude, *tis but finding in that Latitude how many miles go- 
£th to a degree of Longitude, ( as we have done in the Example be- 

F | | fore, 
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fore 53 ) and ſay, If 53 miles gives 60 minutes; What ſhall the De- 
parturc 245 miles give ? Multiply and divide. 


C3 3} 09. 33: 95 
00 
XY427292 (277 
70 app 
IN 


Facit 277 32, which is near 278, and would have been fo exadly, 
if |.had not negle&ed the fraction of the firft number of miles found ; 
but 1 have treated of this before, and alſo ſhewed how to keep a Rec- 
. koning by this way of Sgiling, to which 1 refer you for both. And 
thus you ſee all the Caſes of Sailing by Mercator's Chart may be ex- 
aRly reſolved by the Plain Scale. 


Before we proceed to.the DoGrine of Right lined Triangles, it will 
be neceſſary to inſert (in this place ) ſome Trigonometrical Definitions, 


i 


——— 


CHAP. XXV. 


Trigonometrical Defs nitions. 


Defin. 1. \ Triangle is a Figure conſiſting of three fides, and 


——_— 


ta. i 


dc SG Den 44 , "RITES" nee TAC 


as many Angles, as is the Triafgle H G F. 
2, Any two fides of a Triangle, are called the 
tides of the Angle including between them, as the lidesH F and G F 
are the ſides containing .the Angle HF G.. 
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3. The meaſure of an Angle is the quantity of the Arch of a Circ 
deſcribed upon the angular point aud cutting both: the fides containing 
the Angle. 

4. 7 Degree is the 360 part of any Circle. Therefore, 

5. A Semi-circle contains 150 degrees, And, 

6, A Quadrant ( or right Angle } contains godegrees. 

7, The Complement of an Angle lefs than go degrees, is fo much 

as that Angle wanteth of go degrees. 
8. The Complement of an Angle to a Semi-circle, is fo much as 
that Angle wanteth of 180 degrees, 
9. An Angle is cither Right, Acute, or Obtuſe. 
10. ARight Angle is that whoſe meaſure is 90 degrees, or a Qua- 
drank. 
11. An Acute Angle is leſs than a Right Angle, and always con- 
tains leſs than 9o degrees. 
12. An Obtuſe Angle is greater than a Right Angle, and always 
contains more than go degrees. | 
13. A Triangle is cither right angled, or oblique angled. _ 
14. Aright angled Triangle, is ſuch a Triangle as hath one Right 
Angle, as the figure H G F hath one Right Angle, namely that at G, 
which containeth juſt go degrees. 


( or lieth oppotite to ) the Right Angle is called the Hypotenufe 3 and 
Z the other two ſides, the one is called the Perpendicar, ard the other 
Go, the Baſe, at pleaſure: but moſt commonly the ſhorter fide is called the 

Perpendicular, and the longer fide the Baſe, Thus the Triangle HF G 

the Hypotenule is HF, the Perpendicular K G, and the Baſe F G. 

16. In every right angled Trianvghe, tf you have one of the Acute 
Avghkes given, the other is alſo given, it being the Complement thereof 
to 90 degrees, as in the Iriangk HF G. It you have the Angle at 
H 62 degrees given, you have alſo the Angle at F given, it being the 
Complement cf that at H to go degrees. Wherefore take 62 degrees 
from $0 degrees, and there will remain 28 deg. 00', which is the quan- 

_ tity of the Anple F. 

17. In all right lined Triangles whatſoever, ( cither right angled, 
or oblique anglcd ) the three Angles together are <qual to two Right 
Angles, or contain 150 degrees : . therctore if you have any*two An- 
gles of a Triangle given, you have alſo the third given, it being the 
Complement of the other two, to 180 degrees: Thus, in the Trian- 
gle H KF (as tn this figure ) if there were given the Angle HKF 
35 deg.co',and the Angle HFK 20 deg.oo! 3 1 ſlay by conſequence you 

35 degs 


15. In every right angled Triangle, that fide which ſubtendeth 
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have the third n ge Comblavent X£ the 
other two to c$ok NY : for the two given Angles H KF 35 deg. oo', 
| and HFK 20 d EE d to r, make 55 deg. Oo'; 
which being cake oo Q,..tmaingp 25 deg. Yor the Angle KHF. 
\ 
\ 
FA. © dh \ | | 29. * OO 7% 
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18. Inall Triangles whatſqever, the fides azefin proportion one to 
the other, as the fines of the An 'to thoſe ſides: fo in the 
Triavg le HKF, the fine of wo Ang ie at fo is in proportion to the fide 

> which 1 We to d ent < of the, A geaty is to the {ide 

'K, or.the; Fog the fe FR” FE bs i ES Wy Bay. = Oy 
Theſe things 1 WA% (Or 't& He chas Saks bf in 

this —_ And now-We * Ai PRA, | 
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of the DoSirine of fight angled ri lined Trian- 
es. Wo. of VIELIOTH 4 egy brian &j" | 


31330 43} | 
Utherto we is Per | chekeGlarion «6 has ad Caſes of 
a right lined Triangle bythe Plain, Scale onely, and a 
you {ome Trigonometrical Definitions 3" but now we will pro 
ceed to handle the {ame things, and 'rcfolve- thett by' the Tables of 
Sier,'T angents, and Ligarithms,. Sand by Gi ger" S Rutle, T a tay D 
"If: Ye look/back: ou wy, ther ſcethe*prityfetion of the Plain Scale, 
how. if deduced from'a Citclt; both" tHOBHed TangentepandsChordr 5 
but for our preſent purpoſe, it will be necef{ary'to) thew the” Brojeftion 
of Ie Lines more DNA + - which=is tohe in the PR_e tollow- 
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r. The Sine of an Arch, is a Line kt fall perpendicularly from the 
Arch, to that other fide that gocth from the center of the ſame Arch; 
as G K, is the Sine of the Angle at I, or the meaſure of it; or the Sine 
of the Arch G A, becauſe 1G is the Radius of the Circle, or. the Semi- 
diametey of the Circle; or the whole Sine. + 

2. The Chord of an Arch, isa Line that gocth from one fide to the 
other of a Circle,” like-the firing ofa Bow 3-as-G B is the Chord of the 
Arch GAB. And here you may note, that The right Sine of an. Arch 
is balf the Chord of twicethet Arch, as G K is.the Sine of the Arch G A, 
and GKB is the Chord of the Arch © A B, which is twice that 
Arch. | | | 
3- The Tangent of an Axch, is a Perpendicular raifed from the, Re- 
dius of that Arch without the Circle, and concurring with another 
Line that goeth from its. center 3 as A.F is the Tangent of the Arch 
G A, oy the meaſuxe of the Angle at I : 


A General Rule. 
SG -- And from hence its evident; That in a Triangle, any of the three ſides 
may be put as Radius, or #he Semi diameter of the Circle, or the whole 
Sine 3 and #he other fides fall he-as Sincs, Tangents, or Secants, by. them 
repreſented as we ſhall. more fully ſkew: by and by, and it's plain in 
the ProjeQion of the Pliin Scale. 
Now the ſame proportion that the fide put for Radiws has to Radio, 
the ſame hath the other fades.to the Sine, Tangents, or Secant by them. = 


—— 


repreſented. : | 4. The 


oh 


4. The Secant of an Arch, is the longeſt fide of a Triangle, or a 
Line drawn from the center, till it cuts the Tangent-linc of that Arch; 
as FF is the Secant of the Angle at I, 

' 5, The Verſed Sine of an Arch, is that Line which is between the 


place where the right Sine falls, and the circumference z As ho A is the 
Verſed « Sine'of the Arch G A. 


Note, That the Sine of a Arch leſl than 90 odey; # alſo the Sine of #n 
Arch as much greater.tha $90 deg. as G K is the Sine of the Arch GA. 
Now GA 4s leſf thing deg; by the Arch GE, and is alſo the Sine of 
the Arch G E D, rs is more than 90 deg, by the ſame Arch EG. 


 Tinfer com hence then; [That if an Angle or Arch be above 99 deg. 
ify ou take the Sine of what that wants of 180 degrees, it's the ſame 
tg for it's the -vy.CTIE t;to. 130: __ Þ and youu) $:2e 

ee ſerves for both." -. 

06, The:Complement Jab 3 leſs; than 90 drorecs, is what that 
Arch or Angle wants of 90 degreesz but if that Arch or Angle be: a- 
bove 90 degrees, the TOR of it is what it wants of 180 grack 
or a Sermi-cixcle. + : 

47, The three Angles of any be Lined Triai angle; conlils of 80:1hore 
nor leſs than a Semi-circle, . or! "Hs degrees, :as appears in tliis Figure 
following : z an CN chat. RS Xi is a/Scmi circle. Now 
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$86 Propoſitions 
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K the Arches O W and' VT; bave'rthe fame. diaineter that the Arg, 
X SN -R hath ; then;if. you: tzke: WiO and. fec-it !from S, it reacheth 
N. (it's the meaſure of the Angle:ato&5/) -and- take. T,:avdif®t.j; 
from'N;a94 it rachettytd FC irs the meaſdoc:of the) Angle ft G: ) 
f you kce'that: all-the-thvee- Angles reachethi from Nita S, from. S to;N, 
and from N to R, and make a juſt Semi-circle;/-of. 180 deg. X SN R, 
which was to be proved. | | 

" Frotn hence VN conclude then; that m\any-right lined right angled 
Triangle, it oye-of the Angles belides:the Right Angle:be known, .the 


ther Anp6\is knownhlbb\ forts: thab Aggies: Gdmpleniene © g0 


degteed, 07h mn ery nb og wt vir dane UA D Loh wh 

I have ſaid, that any of the three ſides may be put as Radizs, and the 
other fides (hall To SimnebgFangents,i08 Secante, by! them reprefen- 
ted;! 311 4 3 £291389D 001 10 eneew ?6 38 Ww 3o wie 002 ng mig 
* From what hath Seenddid cinithe»Brojeftion df the Plain Scales this 
appears: That in the Triangle A G B, if AB he!the Sami-diameterg 
the'Gircte thaerhe: Scatebemiade:byl>:fhen: wB @utheanraſiitÞ ob the 
Si/of 1h& Angle: dppolitetorit Gnamety A) :orequal tO If; and for 
the ſame vcafor is: Cithe Size of the Angle:oppoſtte toit-atÞB, or e- 
qual to it, ( for it's the meaſure of the Sine of it: ) frtumwheitce it's 
evidenty thatlifheſe :fides. rheafbre: they Angles, 'gn bexqual:to them, 
the ar re rn ne pe urea wr Slb1i-152 8 16d} etl won 
 Mſoythofide- At ictl& FB oerbt che RightAygleiat/Gh i lonticsithe 
Radius ox the whole Sine of the Circle which the 'Scale is made by. 
And this you way ſee in the Proje&ion of the Plain Scale. And now 
I ay, if they be equal, they muſt be proportional. So that from hence 


will arife this Conc/zfton. 


% 
- 


| A/General Rule. 


' That in al right lined Triangles, the Sine of every Angle #4 proportional 
to biy oppoſite ſide, or the contrary «, Every [ide zs proportional to the Sine 
of bis oppoſite Angle. | 459%, 
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So then, as Rudimsor Site C,. 
Is to B A, his oppoſite fide 3 , | 
| SoisSineB, | mY 9 es 
.” In proportion to AC, his apwclite F & by.:q ol 
And ſo is Sine Ato his oppoſite fide BC, 

Or the Convenlc. 


v0 Ch * As B A, | 
, Isin proportion to Radius or Sine C 90 degrees: 3. 
Whit { $$ AC; | 
©1119 IH proportion to the Sine of his ook Angle atB 3; 
And ſo is BC tothe Sire of his oppolite Angleat A. 


Theſe thirigs premiſcd, we'll makb as of \ this general Rule as far as: 
we can and Won to work the GASES. 


av {'Y 


'T A S k the firſt and. ſecond. 


7 be Hypothinuke ( which 5:the lengeſs fide.) and the- Angle - 
"vp \y has Bace (namely the, Angle. at:A wine): 3 fo Pins the- 
Bace and the Perpendicalar,.. "41211 


Y Et the'fide A Bbe 242 paces, the Angle at A be 29 deg. oo' 3 I. 
& demand he Back AC, and the Pippanndior”, 5 in a Triangle: 


OE 
- -nTho 


1. To find the Bace AC. 


As Radius, or Sine C 90 deg. o0' 
Is in proportion to A B the Hypoth, 242 paces _ ©.3838x 
*D0 is Sine B{the Complement of A to 29 deg.) S:61 4,00! 9.94181 


To the Bace A'G, 212 paces ncareſt, 2.32562 


The Bace is not "full 212: paces 3 which fra&tion being negleRed, 
'may cauſe ſome inconfiderable difference in the' Courſe, when things 
are-given to find that, T'note-it here As a thing I do on purpoſe for 
:the-Learners ſake, that ſo he may not be at a ſtand when he meets with 
things not to hit exaGtly to a minute. = 


2. To find the Perpendicular. 
iAs Radius or Sine C 90 deg. 00 | 3 


1s to A B -242 paces3 £ | 2.38381 
So is Sine A 29 dep. 00" | | 9.68587 
"To CB the Perpendicular 117 paces. = = 7 \ 2.06938 


The Uſe of the Tables of Siner, Tangents, and Logariebms, T have 
fhewed towards the end of the Book, next before -the Tables them- 
ſclves. 77 
- Now this may be applicd to Sailing, or many other things of this 
mature, We will apply it to. Satling- _ + anni 1D 


"Queſt. 1. Admit I ſet from the Lizard (lying in North Lati> 
tude 50 deg. oo min. ) and ſail South South WeFF 6 deg, 
30 min- Weſterly (that i, South 29 deg. Weſterly) 2.42 
leagues ; I. demand what. Latitude 7 amin, and my depar- 
ture, in the Triangle following, ABC (2.) tv 


Et the fide A B repreſent the diſtance run-242 leagues, and- the 
| Angle at A be 29 deg.-o0', (-then is B, the Complement of A to 

godegrees, 61 deg.oo' ):; To that we haye the Angles and one fide 
given to find the fide A C, ; 


x. For 


of Sines, Ti woents, Loparithms,end Gunter. 18 
z. For the difference of Latitude: 


AS 5. C. 90 deg. Or Radins, 
To B A 242 leagues 5. © 2.38381 
So is 5..B 61. deg. 00" 9.94181 


ToAC the difference of Þa:) ES 6 
titude required 21 leagues: 2.32 5 "1, 
or 10 deg. 36". 

2. For the Meridian-diſtauce B C. 


As Radius or 5. G 90 deg. 00), 


E to AB 242 leagues 3. 2,;38381 
So is 5. A 29 deg, OO", 9.68557 p< 
To B © the Meridian-diftance E 06938 

117 


Thus the Meridian-diſtance is 117, and ſomething, more; the fra- 
Rion { omit; and-this ſhall ferve-tor the reſalution of two Caſes in a. 
Triangle 3 namely, when the Angles and: Hypothinuſe is given to find 

the Perpendicular 3. and when the Angles and Hypothiuuſe is given to 
find the Bace.:- which things ( required ) are repreſented by the dif-- 
ference .of Latitude and Meridian-diſtance. | 


Note, That ys. ſtands for Sine, #, for Tangent. 5. co. for Sine Comple-- 
ment, t. co, for Tangent Complement, c0.:are for Complement Arithme- 
tical. fe {tands for more, ---- ſtands for lefl, = ſtands for equal. . 


| Note, That if you would find a Side, you muſt begin with an Angle. 
if.you would find an 4agle, you muft begin with a Side. 


To reſolve the foregoing Queſtion by. Mr. Gunter's Ruler: 


Wa ſee that the Sine of every Angle is proportional te its oppoſite-: 

. fide, orthe Convers, lt ſtands to reaſon then, thatas a ſ(ideis to - 

another fide, ſo is the Sine of an- Axgle oppolite to that fide, in propor- 

tion tothe Sine of an Angle oppoſite to..thas other ſide. . So that. II 

ſay, to find the Departure, | - k 
As Radius s. C, 90 deg. | 
tos. A 29 deg. oo';. * 


Sois AB the fide oppolite to Radius AB 242 leagues, - 

'To BC the departure 117 leapyes, the (ide oppolite-to A. 

Fix one foot of your Compaſſes in 90 deg. © 00' on the Line of Sin 
and extend the other to 29 deg. on the ſame," 4 10 yh 05.47 0 of 

With that diſtance, fix your © Compaſſes at We on the Line of ; ws 
bers, and where the other foot falls under or leſs than that number, 
is the fourth number required 3 as B C 117 leagues, ( and why leſs?) 
becauſe from a greater Angle ( namely Radius ,) you extend to a leſs, 
Therefore from the {ide that is oppoſite to the greatelt Angle, you mul 
haye A __ hae z for the rage fide ſubtends the greateſt _ &c. 


2. "for the difference of 7 abba x Sk 


As Radius or Sine C 90 degs oO”, 
Is to Sine B 61 deg. oo'; 
So is the diſtance run 242 AB, . 
To the difference of Latitude 4 C 212 leagues. | 
Fix one foot of your Compaſſes in adins On the Line of Siner, and 
extend the other to '61 deg. 
That diſtance ſet on the Line of Niinbdts at 242,/and it cracherl to 
a number leſs ; namely,”212, the difference of Latitude. . And: thus 
you may reſolve any Queſtions of this nature, by Gznters Ruler. i 
You may in theſe and all other Queſtions of this nature; frame your 
proportions, as when you work by'the Tables ' (oppoſite lides/and An- 
gles one with another ) and "cwill do the ſame thing 3 as ſuppoſe in 


this ſecond proportion wrought by Gianber, | put _ tides and 
Angles in proportion, thus : 


As Radins Or-s,C 90 deg. 

Is to A B the diſtance run 242 leagues 3 

So is 5. B 61 deg. 00', 

To AC the = of Latitude 212 leagues.” 

Fix one foot in Radixs on the Line of Sines, and extend the other 
to the diſtance run on the Line of Numbers. That diſtance carry to 
61 degrees on the Line of Sines, and fee where the other foot falls on 
"the Line of Numbers, which will be at 212. 

Now this way, thoughas true as the_ other; will be troubleſome i 
fome Cafes; becaufe of the great diftance that will befometimes 3 bat 


leave every one to thetrown mind; for that both ways ary very cali 
and alike true. 


..- 'CASE 


- the BT ſe. 


The Angle at A be So hy. . oo'; | 4eitind he eddie oe 
7 the ſide B C? 


'c A SE the ſecond wn third: | 
The Bace and the Angles given, to fad the Perpendicular and 


Tn the Triangle AB C, 
” Ec the Bac A Che 212 | 


Paces, 


| Ticnis the Angle at B61 FS. oo", 
The Complement of A to 90 deg. 


I conſider the a" 


that every Angle is 
proportional to his. op- 


| pofite fide, © or that. c- . 
very fide is (proportio- - 
nal to the Sine of his 


oppglite Angle. _. 
erefore, putting 


AB for-Radins (.as be- 
fore). BC: is the Sine 


of the Angle at A, and 


AC is the Sine of the 
Angle at B,or the Sine of | 


The meaſure of the Arch 
Lay then, to find the... 
Perpendicular BC. 


As SineB 61- Pe OO' £0. are 
Is to AC 212 paces; 
Sol is fo A 29 deg. o0', 


7 To the Perpendicular. BC 117 


As 5. co. A 19 dey OO' £0: ar. 
- TItoAC 212 paces 3 
'.-S0 is 5. C. g0 dep. © * rb 
ToAB the Hypothinaſe 240 40 paces 


* 


« 
Yee, 
. 


0.05813 


2.32633 
9.68557 


2.07008 


0,05818. 
2.32633. HOES; 


2 38451 
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ed" rrangles, 
= "The reaſon why I ſay . co. A, Is becauſe B is the Complement of 
3 A to 9O deg. lo that-in' 4 a bl ad 9; I FP wands = 5108 


Nee, 7 That when Radius is not in he br eb you maſt whe the 
C omplement Arithmetical of the firſt number or Angle. 


Now the Complement Arithmetigal of apy Sine, is) what.the figures in, 
the Tables apſwexing to. that nies wants of 9, 45 yYoumay examine, 
by the things preceding : , the firlt of them, in cach, is not the figures © 

' anſwering to them, but what them figures want of 9 ._ 


- 


Queſt 2. Admit I ſet from. the Lizard, Latttith Northerh 
5odeg. o0-Min. and ſail South South Welt 6, deg; ple) NUR, 
Weſterly, that is, South 2.9 deg. oo min, We erly "Fu I ah. 

ter. my Latitude 212 miles ; I demand "5 dare run, and 
departure from my Meridian? 


[ Confider here inthe Triangle ( 4 ) 1 have the FS a6 Xie ai 
rence of Latitude A C 5roso to Feud the ets mr, x9 FR | 
from the Meridian. _ 


A nM fad the FER ryn A p. 
As vs. co. A 29 deg. og! c. LP = 005848 ; 


Is to A C' 212 leagues3'*- eff #32633 : 
So is Radius __ , 
To BA the diſtance rin 242 WR 2.38451 


2. For the PIE X from the Mee 


112 © "rfalfay BC: + 6 
As 1180A- 29;deg,.06 t\ £0. are 0.05818 
Is to AC 212 leagues 3 | | 2.32633 
So is s. A-29) degs op” S 9.68557 
Tg] BC the de ee oy i 0700 
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x By Mr. Gunter, SITE the a AB. 


Ass. c-A, which i is 3B 61 R__ o0',. 
Is (0) Radius of 

 Sob6AC 212 
has A B: 242 leagues. 


2. For the departure BC * 


 A$4;Bi'61 deg. oo, 
'\ Isto s. A 29 te 
: So is AC 212 kagues ICAO 
To rake the departure i 7 leagues L 


F 


"6 A 5 E the fourth and fifth 


The Uy vothinuſs and the Bace © given, to ow the An ples, and 
the Perpendicular — 


Et the Hypothinaſe in the fifth Triangle be as before, A B 242 pa» 
CES, A an{thd; Bace be AC 212 paces 3 F demand the Angle and | 
the Perpendicadar? .- 
I conſider ftilt the old Rule, That if the Hypothinuſ be put for Radizs, 
then A C is the'Sine of the Angle at B, and B C'is the Sine of the Angle 
at A, and AB is the mealure of the Sine of the Angle at G 90 dege 


do o 
® « 
ALT TITS 


18 o "The Dofrine of right angled Trienghe, 
Therefore for the Angles : 


As BA 242 car. - 7.61618 
Is to Radius or 5. C 90 tes 

Sois AC 212 paces F 232633 
To 7. B 61 deg, 1of + — 94251. 


| And this. 61 deg. 10” is occalioned to be ten minutes too m 
through the neglcQ of the fraion of the parts of a unite in worki 
for the ſides before in the three Caſes already handled. I noted the 
reaſon why I did it ſoonce before, that when a Learner comes to find 
_ an errour in his work, he may know how it comes to paſs. | 
pe no body will carp at me for thisz for 'tis a mental Reſolution: 
<q I think the reaſon for it will ſtand good to any NN perſon. 


| Next, for the Perpendicular B C. 
I may fay, As Rodine C 90 deg. 


Is to BA 2421 2.38381 
So | is 1. co. B 61 deg. 00 9.68557 
ToB C 117 PACES. 2.06938 


But admit 1 uſe the Angle found 61 degs and 10', to find the Þ this 


- PE, and fay, 
As Radims or 1. C 90 deg. 
Is toB A 242 paces3 2.3838x 
Sois 61 deg. 10's. co. B, | 9.68328 
To B C 117 paces ; 2.06709 


This may convince you, that *tis the fraction of a unite that puts 
the Courſe out 10' of a degree.. But if you will work to the a? OL 
hundredth part of a unite, ſee before the Tables, 


- Queſt, 
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Queſt. 3 ; Alban I ſet from a certain'Po ore, - ai fail upox foie 

point A hithices the South and the Weſt 242 leagues, till-I 
alter my Latitude 212 leagues or 10 deg. 36 min. 1 de- 
mand my Courſe and departiire from the Meridian > 


His Queſtion is is as hvich the .. 
Perpendicular and the Hypo- %. 
thimuſe were given to find the 4n- oe 4 AÞ 
les and Bace 3 which differs not 
| Iu the former Cafe: in operation, 
but onely in_the ſtanding of the _ 
Angle : Ind Het it thus, Bats you 
may ſee it's the ſame thing in ecf- 
fe& : for, 
| 'F put BA for Radix, then is 
\ B Athe Sine of the Angle at C, or 
Radiis ;*and AC ales of the 


. 
3 
” . | s 
x —— 


—_— 
I II—_ 
= 


Hg at B: to hit,” aL | = 
For the Angles. _ 

As AB: 242. leagues eo. F. 9-1-7) 5; 6K 

Isto.s. C Radins 90 deye Ht; 

. . SOis AC 212eagues, the difference of of Laticde | 2:32633 
To s. B61 deg. 10! or ina y 9.94251 

. Por the Departure BC. 

As Radi 
Is to A B'242 leagues P=E 8 . 2.38381 
So is s. A 28 deg. 7 by 9.68328 
To BG 117 leagues. | 2.0670g. 


By Mr. Gunter's Rater : " for the Angles, 


As AB 242 leagues, 

Is to AC 212 leaguess i 
So is s. C. 90 deg. 00), onda y noje STS 
To 5.B 61 deg. IQ, of ESBS Corves. 
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L "2 S tins Oh de 
£ ? 7 ”— WA. 
» we AAR «Le bs 
3 "yu ? © , 
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Fix one Fan of your Compaſſes in 242 on aha Line of Numbers, 


avd extend the'cther to:th®leſlermumber2x 24) carryhiat diſtance, w, 
Ly an. the other foo will fallip 61 deg 19'1z which is-+- 


Next far B&, 


As Radius 
£$s to x..A 28 dep. 50':3 
on? iP; is A B 242 Tas | 
To B G 117 leagues. 


ky; ASE the fixthand Gventh) Sk 


} 


The Bace and Perpendicular given, to Wy. he anger al the 
Hypothinule. \ -- | 18) 


£3 the Raw in BY ſeventh Triangle: be-A'G 212: paces, and y 
Perpendicular C B 3 { demand the Augler:and the Hypathinuſe ? 
| In thigcaſe things be ſo given, that you canyot putthem.m an. ops 
polite proportion 3 for you ve,two ſides given, but nothing oppolite, 

- toeither of thenrs®” ewe muſt find another Rule to work them 


I have ſaid before, that any of the three fides may be put for Rs- 
dixs, anid"the other ſides ſhall be as Siler, Tangents; ori Seeants, by them 
repreſented. Now the ſame proportion thedide' party} as Railihs hath 
x Ra; the fameiproportiois thalb pp Rhaveto _ TIO, 
Tangemr, or Secants by them meaſured. | 
8 this aſt FF AC for 
*, -+ Radius, or the Semi-diame- 

. ker of the Circle the Scale 
' was made by, / or 'the whole 
Site and then*BC is the 
Tangent of the Angle. at A, 


|. and the Proportion wil 
+. fand thus: 


C Asthefide put for Red. AC, 
Is in proportion to Radius or Sine C 90 deg. oo! 3 


So is B C the meaſure of the Tangent of the Angle at A,” 
To the Tangent of the. Smt at Fs 


Shs 
S 


And 


nd. applied #9 Pla 26 


i'! Ah this is evident, if you look-upon the pro ;Rtion of the "al 
Une; "whete O'B'is he Radiis the cale was made by, and BS the 
ore of' o mfr la OS, Or the Tagen of the Arch R B. 


" Therefore for t the gfe A Joy, B. 


wg AC the” Bace 21 ory Me. 7.67366. 
Is to Rading or Sine C "Yo 00 EF , 
_$0,jsBC,r17. packs, _—_. / 2.06818 
To the Targeds of the Ang it A 28 8&e. 54 | 9.7 4134 
RS CONPRINENT'D to Jo deg. is B 61 Fa 6. 

| Next for the Hypothinuſe 


6! Gy afider pes my. fel ithat T have biven alt the Angles of the. 
Triangle A GC B, and two fdes: 2p then, 


*- 
Fx 


j* , 
: e : \ 
. bd 


As Sine B 6 I Pe: oo' 0 Gs... . 005776: | 
"Ito A © 24> paces 5)» | 2.32633. | 
So is Radius or $. GC 90 FRO .O0'. — 


To the Hypothinuſe A B. 242 Fs. , 2.3 $409 


Ay 


Queſt. 4. Admit 7 ſet from a certain JR FF [ab] upon ſomg. 
© i between the South av the Faſt, till Latter my-Latitude- 
24/2 mes, 01: 3; dep, 4 2 .1NiO: and depart from my: Meridian 

Hb. rh ape Wh wy Counſe ad; difamee ran. {8 


His; is Fw as it -were- NY Caſe belle apple to plaih Siiting FR 
in the Triangle A'B Cis' given the ide AC 212. 2. leagues, and: 


— 
Firſt, fo the High D 7 rut C ws Radius, and ſay, 
As the fide put/for. Raging, BC. tu leagyes.co..gr, 7.931% 
Is to Radirs or Sine C 90 deg, | 
SoisCG A ahh oak | = Ne Raga 2.32633; 


DoGirine of right angled Triangles, 
Br a—py—ermocmecantnch C The beariog of the other place from the 
ct ut 967 Northermoſt. "Chip, which is. Eaſt. 61 deg, 
b 2 \Svutherly. . de chus you-have, ſcen the 
| - any of the three ſides may be put for Ry. 
£ | . dine, and the other. ſides ſhall be as Siner or 
LL | Tangents by them repreſented. 1I will not 
-  meddle with a Secanrt, it being needleſs, 
all Keck 4 being , better pee, uu With 

- more ca Re — 
Theſe Angles being found, well next 


l | hind the diflance run AB. 

As Sine A 29 deg. Ws 0.31 
1s to.B GC 117 leagues NEST 
| So is Radit# or 5.C 96 deg, —— 
. To BA _ a 11" + 2438260 

The the by Gunter" $ Ruler. | | 

Firſt, for the Angles, I 2b BC, as Radius, | and Te 9 
BANE, DTS 


Li. 4 
i ALSAS k 


"Is to'C A 212 Kobe 
Solis Radirs t. 45 deg. | 
Tor. B61 deg, ID at 


| Fixone foot of your Compaſſesin 117 keagies on the Line of i 
bers, and: extend the other foot to '212 3 with that diſtance fixone 
foot of your Gompaſles in\45; degs.(whichris the Rodins. of a Tangent) 
and allen the other foot falls, | is the Tangent of the Angle at B above 
45 deg. namely, 61 deg. 00'.: for if your firſt extent was from a leſſer 
nuniber to a greater, as from 217 leagues to. 212 leagues, the third 
mult give for the fourth a greater than it (elf; as here Radius or 2. 45 
deg. gives the Tangent downwards increaſing. In working by a Tan- 


gent Line, be very careful to conſider of theſe things. 


Next, for 2he diſtance run AB. 


As s. B 61 deg. oh 
Is to Radins or Size C 90 deg. 
+. -- Sois CAthedifference of Latitude 212, 
To B A the diſtance run 242 leagues, 


ho 


«\- 


"4 " . % + G 
= """ me k s 4 
p, V CE" 4 * pl 4 * PE 1 , F: _ as 2 4. NS 
4 F f EY q | #..3; nt fe i 4 MAS nt >. « » : | 4h , SSC... mg Fs” 
l " F, H | YT % Nv p- Þ, 4 4 wy N " £ - f 
, b d 4 , th . 
4 » pe ag : : * : "7 + C 


tein Selig. AT 198 - 


gt t of your Compaſſes in 61 deg. on the Line of ines, 
id Father to Radius that diftance carry to 212 on the 
Line of Numbr$,, and ſee how much.it will increaſe it : it falls at 


242 leagues. ? \_ 
Here I mig +þ in the next place ſhew the working of a Travers by 


the Tables and*'Gwnter's Rule, but let this ſufhce : Wor the working a 


Travers, is but | oing the{ame Caſes divers times, and is very tedious 
your own reaſon will give\you the doing of it thc Tabirs's of —_ 


tude and Lacitu e be far bet y 


CASE the Eighth. 
The Baſe of a Triangle given alone, the Perpendicular and the 
Hy pothinuſe g: [i rien rogether, to find them ſeveral. 


Admit the Baſe f a Triangle be A C 212 foot, the Perpendicalar and 
Hypothinuſe of the ſame Triangle be together 35 9 aigich > 1 demand them 
oth and the Angler. 


p* the protrating this by the Plain Seite, lay down C A the 


Baſe 212 ſpot, and raiſe a Per ependiculer from any end of it ( as 
here from C } and upon it. ſet off the Perpendicular. and Hypothinnſe, as 


they are given, i one ſum 359 foot from C-upon it;*and it reacheth 
to D 3 draw the ſide DA, 4 it makes the Triangle CD A ; divide 


the Hypothinuſe A.D/into'two <quil paxts: by htErpecdiciler E H, 

and it cuts the firft-Perpendicular in B. 

Now forafiinhthi'as BD and B A-ase-equal; {Hor N'Oand OD are 

ql and,OB js a Perp —_ to both 0 PID OB. and 
j | 


EOY Na 
5Y £91 35 'Q T£ Df2r9O] 


4 £ 


od Hes.” > np 
nh * $4 


TA CD gs ol, eſe? lie ve Nod bo 


MR 359 foot, and the Baſe C A 212 foot, whereby | 4 the 


( as by the fourth Caſe.) 
on EAHA Thus 


. 
> 
| *%. a? 
PR oh "oy 
* 
o 


s. 
*. 


'  Ts:to b ind on 1s: 


.D tubliracted from 590 degrees; leaves the Angle 
if you lubſirat the Angle BAO,. Cwhich'is e- * 

qual to the Angle found at D) it leaves the Angle CAB 28 ep. 52. 
So that now we have the Angles of the Triangle A C B, and the Boſe 

> A; to find the Perpendicular C B;and'the:Hypothinuſe BA, as is fhcw- 
_ ein the ſecond aud third Caſc. of Right angled Triangles. 


| 
® ”_ ; « & 


ws he Ch cons 390 a Sh. me” 
*Aa Fe 0 pee, 2 
hav 31 ag Sks a 0-e 2.326335 
is Radius br 5G. 90 ax ek CO 
To AB the Hypotbinue binsſe required 242 feet,” CN bs _ 2:383957 


; Sep X fer (® eh, the Perpendicular # 


6CA 212 =D By | 2 =. | 


jleq IH? on 2255 S083 
2 ndicylar r17 mills.” Cs 2:067706 


" The ſame + Gig! s Ruler.” 


Firſt, for the Angle D. 


As D C 359 foot, 
Is to AC212 foot 
. SoisRadiwor Gr.4 45 deg. 
-Y To t. 30 deg. 34" 


KF. 


Set oo foot of your Compaſſesin 359 on the Line of Numbers, and. 
extcend'the_ other. m___ to 212 on the ſame : carry that diſtance to the 


Radius: of yout -line 45 deg. and: where z & other falls on that 
Line, your ro - 
X Next, fir A-Hipochinu, 


F. 


pz tf for the _— 


os, "ord, a bn ; *” 


4 Ass.B 610 __ 


Sois C A 5124 of, 
To BC 117 foot ( the Perpendicular ) 


df flisdttirc J:have fhewed: in the Caſes before hunted, 
[ refer. you. $62 


Mt LE , 


Re 32, Min. or 2.12 miles, an jon mia 6g 
_ run, and departure from the Meridian," p/n ether rough 359 miles; 


7 demand them ſeveral, and the Colſs wt 


Of Youry 


His « aeſtion 5 is laid” PRE 1 by "a" Phil late" is "the receding 

 Caſtis; AC being the lifference of Lititoide, :C D*: ther diftwuce 
run,and Meridian-diſtance, D A the Hypothinaſe of che-great Triangle 
divided ito: two parts in the point O, by the Perpendicullar-line E H, 


and ſo.cu the diſtance run and M Meridian-diftarce. ether in the 
point B ; NO BA being drawn, 'it is &qual* 6 BD. 'and'makes 


the Ships diſtance ru rture: far AB being equal 
to BD, it muſt ih BE be 4 BG hes ey 


©the diſtance run and- de- 
parture: ) meaſure therand the 4agle RB AG for to know the Conrle, 
as a common Triangle. 


—_ 
Ld 
ey 
er 
4 \ % oy 
bl # Py 
a, 
a 
* + 
*% 


«= %\ "4 p 
& ot + I, —_ C % 


% 
. 
- 
- 
'- 


. - #4, 
- \ A > * 2 - = * P; x BY 
- . 1 « by * 
u L ”” {1 q "2 
ky . 
vl 0 ; 


4319's 91) ) 1 2G) 5101 3a 


b - Toro dis by th Tb of Geantes, . Uk nee tt 
3 Was. 


"I? 
FX $4. 


You oy given A A C the apr. of Lathule 212 tiles, and C D 
the diſtance run, oO FION AK miles, to ting the Angle. 


da act 


x x4 
> . » Wi 


As DC 359 miles co. ar. 


ta;Ravdins. 90G. .- 
: AG 212 miles, . 


WI oo "S » | 3o dege, 3 4 , \ : k' 


Foray 2nd ſubGraced from xam... 90 deg. leaves the Ang leDA G; from 
iEyou ſubſira& the Angle OA B, which is "nd to the Angle 
, the x nindes is BA C the Ships Courſe, which is South 


I Ten, and CBA (the Complement of A' 
dBCand BA. 


Buſh, for the Departure B A. 


As GBA: deg. OB". 0.057622 
- 5:6 AT 212 milesy 7 4! fi 200535" 


To BC the depattute 117. leapues. | Md 


. Second} , for the Diftexce AB. Cl 
As 4 CBA 61 deg. OB' co. ar. Ty &1 


Isto.C; -—_— 2.326335: : 
vo is Radim. 


| nd rr og | 
To BA 292 agus. 2.583957 
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od The « Doin ”_ nah Lo 


+»  Ex$E its Ni yd bo one _—— 
The Angles of a T, Trlemle being 5 
given in one ſum, to find t 


1e the Triangle followi, ABC, let the Py C bes 
Angle at A be 28-deg. 52', then is the \ 


le, th 
dry gr a 'S« 


let the three ſides. of this Triangle be 571 ifogt, or paces, ip or 
miles hy which Jo will ') T demand them waar ? RENT! 0p 


*O reſolve this Quiſtiss, 1 
gueſs at (ome 'one fide” 
'& $4 Triangle, 'that' I' wortd+ 
.,_ | find the fides'of; and{here P* 
BE aek = - gels chat. the'B2ſt of this Tri- 
- *+-}- * angle may be 190; and with” 
this gueſs, and the Angles di- 
- Kindly given. { in the Queſtion 


| = ..orCaſc ) 1 hy. down che Tri- 
angle A B C whole Beſe AC is 190, the Aughar ULS 52” the 
Angle at B 6 1:deg. o8', $22 AJ. 


1,001: Firftithen ie AB. 


As 5. B 61 deg. 'OF' co. =» LEES __ 622 
1s to AC x90 RNC. ad wy}, On '53 


SO is-Kadive.C 9 os Jege 2 2: 99. Tas i 20 
To CVIT.: Ds : 2543 9k "tA 36 + of 
© Secondly, for BG... Po _ A x 02 EO, 
As So 'z Is 4"Y oB8! C0e #fo ow Fe 
Is to A C 1903 2.278753 
Sois 7. A28 52 9.683743 
_ __ToCB 105 2.020218 
1 new adde theſe ſides found to the guelſed fade, and ſee if my Work 
be right orno.. ©  * The Baſe AC 190 
Here I find that thefides of this. The fide AB 217 
Triangle are but 512, and they ___ «. The ide CB 105 
fhould be 5712, Vil ay then, SE wr 


Their fu 512 
MK 


| Feet fun of the je to Triangle allo irs 7.29072 


q Gives for his Boſe AC 190, ER 2.2787 
What ſhall che ſum ofthe given fides 571 give for the Baſe ? 2 2.75663 
_ Facit 212. 2.32610- 


So that now we have the Baſtof the Triangle required, and the 
Angles diſtin&ly, 'Þ, the other ſides, or to lay the Triangle truly 
down by the Scale, 1'll leave the praQtice df it to your (elf. And to- 
reſolve 4 by Mr. Gunter's Rule, it's what I have ſhewed before, except 
the laſt Pripayſicd' z and for that, 

Fix one foot of your Compaſſes i in 512:0n the Line of Numbers, 
and extend the Ke foot toi 190 :.that diſtance carry-to 571, and ſee 
what the oth rfoat gives leſs--- Facit. 212. . 1'write Faeit, for that in-- 
deed *tis the Rule of Three, and might. have been xeſalved that way 
| boner 4 butwe are treating of the Ute of the Ts af os, I Tan-- 
gents, and - OI - 


CHAP. XXVBR 
© Of Oblique Triangles. 


Cc AzS E:. T: 
if, 4 T ge Þ. ny 
; + .t) k {'s ? l ; , 


The An  Olligue Trioogle, w with one Yd the Sides, given, 
-- 20 y: id the. other twd Sides... 


In the Triangle A'D B, Jet the- Angle ar "'y 29 Ns zo' f the Angle at 


B 36 deg 56', the Side BD be 200 nah > - and let it be required to 
find theSides D Aand AB. 


Triangles, whether right angled or not, 
A General Rule. 


r the reſolving. any* Queſtion” of this kind, the firſt General. 
Rule is to be obſerved ; and that was, That in-all. right lined- 


The Sine of . every Angle is realy proportional t0 biroppoſite Side; or-every | 
Side. 


” 
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4 4 * > 4 ») Is A p - "> y ; 4 E 8 is ut boa. R . a L010 _ . 
wan © CO *29 dep. '2O" co. fo © Fay 
. ” * Ll C . Ly « jy 
*ort} Of Py 2QI9e? OILY 4 TITS ae, grit 4 
we Sail 33. Ts t DOO0 amis 7; 3 $8. i? 
og | '3. 
k LT #. C. 4 Sa $4 7 'SÞ&4 T = # q k & » 4% ,, Y 
. — 1” 7 #. t it 0 p 3 6 . I "= , : 4 oF I ob , 
So fo 
To D A 244 paces. 
wc a | =. "ts NES <4 "OMBEACOSROES Hg ff 1 34g 1 Dre; os Fraoe > £0 he a - GO ENF | 9 SIRE to ions We OR he ACT Len. > 4 > 
. 
Next, for the Side A B. 


 ASs. A 29 deg. 36! corars |” © 4 Fo 0.307166 
Is to DB 200 paces oh ISNT 2.30103 | 
So'is 5.D its Compl,.to 480 deg. 66 degs26' ADS, . 9.96217 


To AB 372 Paces. | ES 2.57086 


"_ ©*%, *” %e 
z 8 z® * 


The reaſon I take the Complement of the Angle at D to, 180 degrees 
*;, x ompt ATTY ons $07 i Is'a the 


t0'g0u&dejp. and in 


+75, becauſe cthe"$7ne" of an'Mngle: 
Sine of an Angle as much leſs. ' 


z 


ſence to 180 deg. ER 


ant applied to Plain Sailing. 201 


Queſt. 6. Admit there be two places in one Latitude or Paral- 
lel, diſtant 72 leagues ; a Ship ſets from the Faſtermoſt of 
theſe places, and ſails Weſt 36deg. 56 min. Northerly, that 
#, North Weſt by Weſt 3 deg 11x min. Northerly, and meets 
with a Ship that came from the Weſtermaſt place, and had 
failed Eaft North Eaft 7 deg, Northerly, that is, Eat 
29 deg. 30min. Northerly ; I demand each Ships diſtance 
run ? ; 
N the preceding Triangle I have the fide B A given 372 miles, the 
1 Angle at A 29 deg. 3o', the Angle at D 113 deg. 34', the Angle at 
B36 dep. 56'. 


For the Side D B, the Eaſtermoſt Ships diſtance run. 


As Din 3 deg. 34, its co, to 180 "oy. Rt 
ADS 66 dep. 26' co. ar. 0.03782 
Js to: AB 372 leagues 3 2.57054 
Wis. A. 29 deg. 30" | by 9.69233 
To DB 2co leagues. o 2.30069 
Secoydly, for D A. 
Ag SAD S 66 deg. 26" co. are _ . 0.03782 
Js to-A,B 372 leagues z | -—- 35. 7,55; 6 3 4nd 
\$o is. B36 deg. 56' | $7ED 77 579 
ToA.D 244 leagues. | ES O81 ©3715 


A 7} To. perform the ſame by Mr. Gunter's Ruler. 


"AS *;D'113 deg. 34',its Compl. to 180 deg. ADS 66 deg. 26', 
Is-to s. A 29-deg 


| 3G 5; | 
90 is A B 372-Jeagues, 


To-D B 200 leagues. 


' Set one foot of your Compaſſes in Y deg. 26! on the Line of Sin, 


ſtance ; 


202 The Do&rine of Oblique right lined Triangles, 


and extend the other to 29 deg; 3o' on the (ſame Line with that dj. 
ſet one foot of your Compaſſcs in 372 on the Line of Num. 


bers, and the other will give the lefler number 200, 


Secondly, for AD. 


Ass. ADS 66 dep. 
Is to 1. B 36 deg. 
So is AB 372 kagues, 
To D A 244 leagues. 


Set one foot on 66 26 in the Line of Sines, and extend the other 
to 36 deg. 26' on the ſame Line that diſtance: (et in 372 on the Line 
of Numbers, and you have the leſſer number 244 miles, 


GASE: 4; 


Two Sides of a Triangle, with an Ay 
gzven, to find the other Angles, an 


le oppoſite to one of them 
the third Side. 


In the Triangle ADB, let A B be given 372 paces, the Side DB be 200 


paces, oe the Angle at A be 2g deg 30' I demandihe other Anger, 
nd the Side D A. | To 


To find the a 


As BD 200 paces co. ar. 
tos. A 29 deg. 3O' 1 
Solis AB 372 


{T0 D, its co. to 180 deg. 66 deg. 26'. 


' 7.69896 
9469233 
©. "2557054 


9.96183 


Next, for the Side BA. 
As i. A 29 d. 30 


* 0.3076 


Is to B D-200 PaC. 2.3O0TO 
Sois 7.D 66 d. 4p 


To AB 372 paces, 2.5707 | 


= u 


eat, and applied to Plain Sailing. | 203 


The Angle at D Being thus found .( as you ſee above ) you are to 
note, that *twas the outward Angle AD O that was 66 deg. 26", and 
muſt be ſubſtracted from 180 degrees, and then you have the Angle 
ADB 113 dep. 34'. Now to this you adde the Angle at A 29 dep. 30o', 
and ſubſtra& that ſum from 180 degrees, and it leaves the Angle at B; 
(if you have occahion for it ); but here is none, unleſs it be to prove 
by it, that the outward Angle A D O was found right. 

Admit you queſtion it then: You'll ſay, the Sine of an Angle prea- 
ter than 90 degrees, is alſo the Sine of an Angle as much lIcler 3 and 
therefore I know not but it may be the inward Angle A DB that is 
found : for that is juſt as much greater than go degrees, as AD Q is 
' leſs than 90 degrees, | 

To anſwer this doubt, you know that the three Angler of any right 
lined Triangle, is but 180 degrees. 1'll therefore 


deg. min. 

Adde the Angle found, which is in diſpute here, 66 26 
To the Angle given in the Queſtion, A - 29 309 
And it makes the two Angles to be 55. 56 
Now them ſubſtraQqed from 1809 oo 
Leaves for the Angle at B 84 04 


Which is more than either of the two leſſer Angles are. 


Now this cannot be, becauſe the preateſi fide ſubtends the greateſt 
Angle : AB then is the greateſt (:de, and therefore the Angle found is 
the outward Angle A D O, and muſt be ſubſtraced from 180 degrees, 
and then you have the inward Angle ADB 113 deg. 34, which is the 
preateſt Angle. | 


Queſt. 7. Admit I ſet from a certain Port, and ſail Weſt 36 
deg. 26 min. Northerly; wow there is another Ship in the 
ſame Latitude, and diſtant 372 leagues , that ſails 244 
leagues and meets me: I demand my own diſtance run, and his 
Courſe 2 | 


ih the preceding Triangle, we have given the Angle at B 36 dep. 
56", the fide BA 372 leagues, and the fide AD to tind the Anger, 
_ and the fide BD., | 


« a Dd ", Firſt, 
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Firſt, for the Angles. 
As AD 244 leagues co ar. 7.61261 
Is to 1. B 36 deg. 5 6' . 9477879 | 
So is AB 372 leagues, , 2.57054 
To s. D 66 deg. 26', | 9.961 95 


If you fubira& the Angle at B from 66 deg. 26/, you have the £1. 
gle at A 29 deg. 30'. The Complement of this to 180 degrees, is the 
Angle of the Ships meeting, 113 deg. 34' ADB. 


Next, for the Side D B. 
As s, D 66 deg. 26' co. ar. ; 0.03782 


Is to A B 372 leagues 3 2.57054: 
So is sf, A 29 deg. zo: | 9.09233, 
ToDB 200 leagues. 2,3006g. | 


The ſame by-Gunter's. Rulex. 


Fir, for the Angles. 
As A.D 244 leagues, 
Is to A B372 leagues 
So is 9, B36 56 
Toy,.D 66 26. 


Set one foot in 244 0n the Line of Numbers, and extend the: other 
to 372 on the ſame : that diſtance carry to 36 26. on the Line of 
Sines, and: the other. foot will fall at 66: deg, 26'. 


Secondly, for the Sides: 


% AS 5D 66 26, 
Is to 7. A 29 deg. 3O' z. 
So is A'B 372 leagues, 
ToDB 200 leagues. 


Set one foot in 66' 26 on the Line of Sines, and extend the other to: 
29 deg. 3 on the ſame: carry that diftance to 372 on the Line of: 
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CASE 3. 


oo Sides aud he contained Angle given, to Fil the ; thi d ut 
. and the other Angles. 


Le there be given in the Triangle ADB the Side A B 27 2 paves, uh Side 


AD 244 paces, itbe Angle ut A'29 deg. $0', and 1it.the AnplterB and 
D be required, or $e Side 9 D, 


N this Caſe you. Foo ings iven, FOR you cannot; put them in 
oppoſite. proportion, but k ind oe other r Ruler work by. 

Therefore,take the Jength 

of the ſhorteſt of the piven 
fides D A, avg fet it off up- 
en the longeſt of the given. 
fides AB, and it cuts off 
the difference ofi-ghe two _ 
fides BI. Now, A 


General Rule. © 


As the ſum of the two ſid dps — an Angle, is 5-40 the difference of 
thoſe fi des } & | R 

So us the Tangent of the balf ſum of he ir opoi Highs to the Tangent 
Te of half their difference. 


Jo then, as the fum of ABtA D; vny given fides « 6 161 paces, 

Is to their difference 126'paces BIz ©: 

So is the Tangent of the halt ſum of BF D 75 te, 5! h 

To #: half their difference. - - 

Now whep this half difference is fant if you adde it to the half 
fim, it will make the greatct of the Angles required, namely D 3 if 
you ſubfrac it from the half ſum, it makes the lefſcr Angle at B. 

But you may asK how the half fam of the unknown Ange is found 
(0) be 75. dege 15 '. 

You know the three 4:/es of a Triangle is 180 deg. oC! ; then if l 
have one of the Angles known, nd lubſiraft that from, the ſar of the 
three Angles: ( which is 180 deg. 00! ). the, remainder. muſt be. the o- 
ther. ag; ;. the half. of which, is the {amrequireds- 

#151 Exyple.. 
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Dn . deg. Min, 
The three Angles is © © | 180 0g 
The Angle given is A, {ubſirat it O29. 39 
The (um of Band D is V2 VE $2.52 © "3hGO 30 
The half of. whichis _ : 73. 


Theſe things premiſed, y we yeiceal tothe operation-it ſell, 


For the _ D and B. 


As the ſum of AD#*A® 616: af, 7:2r041 
Is-£o their difference IB 126; ©, 2,10037 
So ist. halt ADBYTB 75 dep. 15' 10.57958 
To e. half their difference 37 dep. 50' 9.89036 


Now this found _ 37 50 
Added to the half ſum A 75: 'x$ 


Gives the Angle D 14 "IF. .--08 
Or ſubirafted from the half. ſum, 7 
[caves the ne at B 41,2 


The odde minutes of a degree that i it Aiffers from the Queſtion be- 
fore, is occaſioned through the negle& of the fraftion of a unite in find- 
ing the {des 3 which I omit for the Learners ſake, that he my not be 
puzled when he finds it ſo. 


Next, for the Side B D. 


As SineB 37 25 co. ar. 0.21637 
Is to DA 244 pacesz 2.38738 
So is Sine A 29 deg. 30" 9.69233 
 ToDB I99 paceh 2, 29608 


And thus you \ have the hxſt Rule to help out where it doth not 
wholly do the Caſe ; and you ſee the errour of the negle& of the fra- 
ctional parts of a unite, which in ſhort diſtances would not be fo great 
in the ſides. Queſt. 


TA OBEOSY and applied to P Jain Sailing. ; 20 7 


Queſt. 8. Admit there be two places that bear Eat North Eaſt, 
ard Weſt South Weſt one fromthe other, and are diſtant 372 
leagues ; a Ship ſets from the Eaſtermoſt of theſe places, and 
hi Weſt 14 Ces, 26 min. Northerly, 200 leagues : I de- 
wand the Ships diſtance from the Weſtermoſt' Port, and how 
far he from 1t 2 *58-ap 


N this Queſtion we have given in thefollawing Triangle A DB, the 

ſide B A 372 leagues, the ſide B D 200leagues, and the Angle at 
B36 deg, 56': for if B A be Weli,South Welt, and BD be 14 deg. 
0 to the Northwards of the Weſt, chen the Angle at B muſt be two 
points and 14. deg. 36' more, which is 36 deg, 56', or three points, 
and 3 deg. 11', or Weſt by North 3.deg. 11! Northerly. ' 


©.» To find the Angles Diand Arthegvic: 


As the ſum of DB+BA 572 co. ar. 7424260 
Is to their difference 172'leagues 3. +) + 2.23552 


So is the 2. of half DA 71 deg. 32. a Vere 10-47632 


TW — 


; To the 2.0f half their difference 4.2 degi 'OO” a + of LY , 9.95444 
. Which'added to the half ſum; is - <123:4e.132/ ADB; 
Or ſubſiracted from it, is . 29 deg, 30' the Angle at A. 


Next, for the Side B A. 
As 5. Drits:&. to1$0Þ0% nn © 98K D bh WONG 2h 
deg. 66 d.2 8 C0, do. 0377 ; 
Isto AB 372 miles 235705, | 
So is s.'B 36 deg. 56' 9.7787 


To DA 244 leagues. 2.3869 
Thelike for any other of this 2 
a: wy” F 
£ A. EY 


1+... The ſame by Mr. Gunter's Ruler: © 


bs the: ſim of DB+BA 572 miles or paces,or what you do it by, 
- 80 their difference: 272 3 - #8 u PE 4 A 


_ —_ 


» £ Z & , wy : . _; 
hs tr ba 4 A 6 & , L POR IN fa 4. let > : 
P, s % : g 06 go. ye ” { 
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So is the #, of halk DTA 71 dep. 32/ 

To the t. of half their difference 42 deg, o0', .__ 
Which added tothe half ſum, makes the Augleat. D' '$ bo FIRE 
Or (ubiracted from the half ſum, makes the Angle A2 9 deg. 30* 


Next for BA.” 
As's. Diits Compl. to 180 deg. 66 dep. 28', 
Is to 5. B 36 deg. 56'; 
So is AB 372 miles, 
ToD A '244 leagues. 


For the doing the firft of theſe, T ſet one foot of my Compaſſes in 
572 an the Line of Numbers,and- extend the other foot to 172: that 
diſtarice 1ſct upon the Tangent-line at 71 deg. 32", and ſet my Com- 
paſſes upwards towards the Radimg of the Scale and count how much 
it is leſſer, and it falls at/42/degrees. | 

Note, That a Taugent-line goeth from 1 apwank to 45 ( its Radin) 


and ſo downwards-ivcreaſing to 99, which made me. decreaſe in my 
diſtance ſet upwards. | 


F 
T 


n Ma oo ew 


Next, for the fue B A. 


1 ſet my. Compaſſes on the Lineof Sines at 66 ae. 29" - and extend 
ther:to.:35 deg. 56' : thatdiftance:- Let on thei Line of Nambees at 
372,and thEother foot.falls:at:2 44 3 a lefs anti þ belt theſecond 
Angle was a leſs Angle, © 


| CASES. 
The three Sides: mp a Triangle given, ft doll 


In the Triangle A D B, letthe Side A Bbe 372 paces, the Side D W 
; 200 ww," and the Side a be 244 "__ > demand ep 20 


ONS > he. Tis oh. 


Moyes aſe 
F the point R.and 
: IJIN Hs \L, as is done by 
AY Tm iv 3:71 ec.EQ 10 £3NGT &\ 72 7\ = Ard, Li a6 | 
P20 Pu M0 >-g.< 5 det>fall-the — 
Rc. (@) lar 


vibe aaced . 


« 


* 
<< 
py 
by 
1 
m3 
"_ 
ela. 
J 
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" D O, which falls in the middle between B and R, becauſe B D 
ind D R are cqual, and O D the Perpendicular common to themboth, . 
| This done, | fxame this General Rule. | 


General Rule, making AB the true Baſe. 


As the ſum of the, true Baſe AB, 

Is to the ſum of the other two ſides ( added together ) 
$ is the difference of the two fides L A, 

To the alternate Baſe R A. 


Now this alternate Baſe being found, I ſubſiract it-from the true Baſe 
AB, and the remainder is R B, the halt of which is OB: fo that 
now in the right angled Triangle D Q B, right angled at O, you have 
0B given, and BD to find the Angle at B. 

Ifay then, As DB is in proportion to Radiw, fo is B O in propor- 
tion to 5. O DB, the Complement of which is A B D. Then for the 
other Angles; As AD ( given in the Queſtion ) is to 5. B ( the An- 
ge found ); fo is BD ( another fide given in the Queſtion ) tos Az. 
aſois AB to 5. ADB ( its Complement to 180 degrees. ) 


| Example. - 
As the ſum of A B 372 paces, co. ar. : 7.4294 
Is to the fum of BD T D A 444 paces 3, 2.6473 
So is L A thcir difference 44, 1.64345 
To RA the alternate Baſe 52 paces.. . 1.72028 
Which ſubſtrafted from AB 372 paces, 
Leaves R B 320 paces 3 


The half of which is OB 160 paces. 


Andnow IT have O Band BD in the right angled Triangle BOD, 
* tofindB. | | | 


As BD 200 paces co, ar. 7.69896 | 
Is to Radizs ors, DOB3z 

50 is OB 160, 2.20412 
To's. co, OD B, which is the 5. of B 36 53. 9.903 08 


»  C _ | Laſtly, 
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© Laſtly, for the other Angles. 
 AsD A 244 paces, co. ar. Lag 7.61261 
Is to 5. B 36 deg. 53'5 96977827 © 
So is BD 200 _ .. 2.30103 


To s. A 29 deg. 29'. 9.69191 

4s deg. min, 
This Angle at A here found 29 29 
Addcd to the Angle at B, "36- 33 


ee EE en 


Makes ADS; | 66 - 22 
"Which is the Complement of AD B to 180 deg. 113 38 


And thus we have reſolved all the demands propounded in the 


Queſtion. The like is to be underſtood of any other of -this na» | 
ture, 


(Queſt. 9. There be two places in one Parallel or Latitude i 
ftant 372 miles; a Ship ſets from the Eaſtermo$t of theſe 
places, and ſails upon ſome point between the South and the 
WWeft 200 leagues, and meets with a Ship that came from the 


Weſtermoſt of theſe places, and had ſailed 67 leagues : I de 
mand each Ships Courſe 2 


TN this Queſtion I have 
Z given A B 372 leagues, 
the Side BD 200 leagucs, 
and the Side AD 244 
leagues, to find the 4n- 
gles. So that it is the 
very {ame as the prect- 
ding Caſe was, and 
wrought the ſame Way» 


. 7 ſay then, to find the alternate Baſe LA. 


\'As AB 372 leagues, 7,4.294. 
Is to BDTDA 4443 2.6473 -- 
So is RA difference 44, 1.6434 


| * FI TRE 
To LA the alternate 52. 1,7202 "Thus 


6] 


and applied to Plain Sailing. © 11 
This 52 here found, ſubſtxated from AB 372 


And it leaves LB 320 
The half of which is O B 160 


' So T have OB and BD to find the Angle at B. 


As B D 200 co. ar. | 7.69896 | 

Is to Radims ( The Eaſtermoſt Ship 

$&.is OB 160 2.20412 > failed $ W by W 
| ——\ 3 deg. 0d' Southerly. 

To 19.co. O DBors,B36 53 9.90308 ) 


Laſily, for the other Angles. 


As D A 244 leagues, co. ar. 7.61261: 
Isto 5.B 36 deg. 53'/; 9.77827( This Weftermoſt Ship - 
So is BD 200 leagues, 2.30103 > failed E SE 6 dep.. 

| Mo - 7 —_— 59' Southerly. 
To s. A 29 deg. 2 9. 9.69191 } 


The two lietle Angles being found, ſubtract them from 180 degrees, 
and the remainderis the Angle ADB 113 deg. 38'. 
But in this .and the Caſe. two, you may ask why the longeſt fide 


ſhould be the true Baſe, and nt as well one of the ſhorteſt ſides. 


If therefore in the Triangle ABD we take DB for the true Baſe,. 
I. lay down the Triangle A D B, as before (in the fourth Caſe ) 
onely Pll draw the Baſe BD forth to E, as in the following Figure ; 


I 


then.if you take the ſhorteſt of the other two ſides A D, and deſcribe 
x E c 2 2 | the- 
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the Arch ERDS, it cuts off S B for the difference of the two ſides 
BE will be the alternate Baſe 3 and if you let fall the Perpendicular AR 
( upon the alternate Baſe E B) then DR will be equal to RE, pp 


ſay then, 


As D B the true Baſe 200 paces or leagues, co. ar. 7.69896 
Is to DAFA B, the ſum of the other two fides 616; 2.7 8958 
$0 is the difference of thoſe two fides SB 128, 2.10721 

| | ; EY Tm 
To the alternate Baſe B E. 394. 2.59575 
From which, if I-ſubftract D B, 200 - - 


The remainder is DE ; 194. 
The half of which is R D. 097 
Which being added to DB, 200 
It makes BR 297 


And now I have BR 2 97, and B A 372, the two ſides of the right 
| angled Triangle BRA, to find the Angle of the Eaftermot 
Ships Courſe, or the Angle at B.. LIN 


I ſay then, As A B 372, C0. ar 7,42 

Is to Radius or 5s, AR B go deg, © : 742945 
S0 is RB 297 © 2.47275 
To xg. co. R A B, which is s. B 37 deg. 02/ 9.90220 


Then for the other Angle at A. 


As DA 244 co. ar. © | 7.61261 
Is to s. B 37 deg. 02/3 9.77979 
So is DB 200, 2.30103 


The difference between the Angles found, here and before, is by 
xcaſon of the fraGion of a unite omitted in the working of the fides, 
as I haye noted before in the finding of the ſides all along, = 


The 
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The like may be done, if you make AD the true Baſe, as in this 
Triangle following. 


I extend the true. Baſe to E, and with the length of the ſhorteſt of 
the other two ſides, I deſcribe the Arch SD RE, which cuts off SA 
for the difference between the two ſides (BA and B D ) and makes 
AE the elternate Baſe. 


I ay then, 
As the true Baſe AD 244, 
Is to the f\umof ABtBDg723 
So is the difference of them two fides S A. 
To the alternate Baſe AE. 


Now if you ſubſira&t AD the true Boſe from the alternate Baſe AE, 
the remainder will be DE ; the half of which (namely DR ) added 
to the true Baſe, makes AR. , LD 

Thus then you have AR and AB. in the right angled Triangle 
ADB) to find the Angle. at A, or the Weftermoſi Ships Courfe 
which being found, you hgve the three fides of the Triangle, and an 
Angle, to find the other Angles. I leave the praQtice of it to your own 
Genious. EE þ] | Hh 6h, & K 

There be divers things wrought by theſe Triangles; as, platting 
of Land at Sea, as one Fils by it and aſhore it's uſeful in ſurveying, 
and ſeveral ways : but thoſe things are largely treated of already by 
. Others, and therefore Pll omit them. | 
I propoſe to fſhew how to take the abſolute Logarithm, Sine, or Tan- 
gent, an({wering to a number 3 that ſo, if occaſion require, you may 
find the abſolute minute of a degree you ſeek for in an Angle, or other- 


ES | 
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wiſe, * ThisI refer you to my Deſcription of the Uſe of thoſe Tables, juſt: 
betore them, at the end of the Bovk, | 


So much for the Dofrinal part of Right lined .Triangles, both Ripht 


and Oblique angled 3 and the Application of them to. Plain. 
Sailing. 
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32 d.\ 33 4.|34 4.| 35 4.135 4.137 4. 38413947 
2 025 2101 2171] 2244|2310|2392 BIO P, £2.44 O 
2030|2103| :174| 2246|2320|2395|2471] 2549] 2 
; 
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2033 210952176] 2249|(2323| 2397 2473] 25351 
2035 | 2105] 2170 | 2251 2326 2400] 2476]255;| 
]2038|2110] 2151] 225312329 | 2402 2479 2555 
2112| 2153] 225512331 | 2494 24812559] 10 
' 2042 2114 2186} 2258 | 2333 | 2407 2483 2501] 12 
14 | 2044 | 2116 | 2185| 2201| 2335 | 2409 2486 | 2563 | 14 
2047 | 2118| 2191] 22642337 | 2413 2488 | 2566 4 
2049 | 2120| 2193 |2265| 2339 [2415 |2491 | 2568 |1 
2052|2122|2195| 2269|2342|2417 j2493]2571120 
2125 | 2197 227112345 2420|2496| 2573 | 22 
2127 | 2199] 2274 | 2347 | 2422 2498| 2576 | 24 
2059 2130; 2202 | 2276|2349 |2425 {2500 | 2575 ” 
28 12051 | 2133 | 2204 | 2278|2352 |2427 | 2503 2581 | 2 
0 |2057| 2134 | 2207 | 22811 2355|2430|2506 [2594 | 30 
32 2066 | 2136 2209 | 2283|2358|2433 3 | 2509 2586.1.32 
| 34 12068 | 2139 | 2212 | 2286|2360| 2435 43.48 2589 34 
36 |2071 | 2141 | 2214 | 2288 | 2362 2438 | 2514 | 2592 30 
2073 | 2144 | 2216 | 2291 2365 |2440|2517| 259513 
40 [2076 | 2146 | 2219| 2293 2368|2442 |2519| 2597 | 40 
42 2078 2149 2222 2296 2370 2444 |2521 2590 | 42 
44. [2080 |,2152 |2224|2295|2372 2446 (2523 | 2602 | 44 | 
46'|2083 | 2154 [2227 |2301|2375 2449 | 2526 2604 Fo / 
48 | 2086 | 2157 | 2229| 2303 | 2377 | 2452 2528| 2607 Ao | 
50 |2088| 2159 | 2232 2306| 2390 2455 | 2531 2510]50 
$2 | 2090 | 2162 | 2534 |2308 | 23822458 |2533|2612[52 | 
| 54|2092 | 2164 |\2237| 2310 2385 | 2461 |2536| 261554 | 
5612095 1/2166] 2239 | 2313 2387 | 2463 |2535| 2617: 
55 2097 2169 224212315 |2390|2466 |2541 2620 be- | 
| 60]2099 | 2171} 2244 2218 | 2392 2465 12544 2623]50 | 
| Mer Meri. | Meri. | Meri, | Mt Meri, | Mer . | Mert- 
lt | Party. | parts. | parts. Parte J)2rts. | parts. | parts. | Parts. | 
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S | Lact, | Latit,[Latit. {Laid ati. ant {Latir, | 
72 4.173 4974 4175 4176 4177 4175 4:79 4: 
6336 |6535 7211746517 746]8047 
| 6342 | 6542167 7220174751775618059 | 83 
15349 [5549 1225748017765|5069 | 
6339 [955657 7235174551777519979 
6563 724517504177 8515090 | 
5570 1253/7513[7795|S100 
6577 o15]7261/752217804{$111 ; 
6584 72701, 531 7814/8122. s 
659016805 72751, 54017824|8132| 8 
| $597]6813 72871755017 $34/5143 
—_ 129517 352172442154 
3 | 6611 17 303[756817854/8165 | 85 
6618 73121757717864|5176 
6625 732117586 7075 ID7 
6632 $11732917595|7884|8198 | 8 
6635 73398 Bo. 8205 
6647 7346]7614\790418219 
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6661] 736317632(792415242| 8 
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6675 17331176511794415264 | 8616 
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| Meri. Meri | Mera. Mere | er. | Meri. | Mev. 
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ES --- 
- i The Uſe of theſe Tables of Meridional Parts. 


He Parts expreſſed here, are Meridional Parts of Latitude; and 
they are ſuch, . that 60 of them js a degree of Lovgitude in that | 
Latitude : ſo that if a man fails out of one Latitude into another, the 
parts contained between thoſe Latitudes, are in the ſame-meaſure that 
the minutes of Longitude are; Their onely uſe thep is; to find the 
Meridional Parts contained between any two given Latitudes,and with 
that to make a fide of a Iriangle, whereby'to find the difference of 
Longitude. 


CASE r. 
To find the Meridional Parts contained between two Latitudes. 


Queſt. 1. Admis T ſailed from the Latitude of 50 deg. 08', into the La- 
titude-of 4.9 deg. 2' I demand the Meridional Parts contained between 
theſe Latitudes ? | 

7 Look at the head of the Tables for Latitude 50 deg. and in the lit- 

] tle Colume on the left hand or on the right hand ( which is near- 

eſt ) for 8 minutes, and I find under 50 deg. and againſt $' 3487 


Allo under 49 deg. and againſt 2' | 3385 
Which being ſubfiracted trom the other, the re- 1, 
- mainderis the difference of Latitude in parts. Ws 


This difference of Latitude in parts I uſe as a common fide of diffe- 
rence of Latitude; to find the difference of Longitude by. 

| Theſe Tables are calculated but to every two minutes of a degree, 
which is near enough : for it falls to be upon a number of minutes that 
is not in the Tables, it'is but taking half the difference between that 
and the next. | 


35 pe For Example. ' © + x0 
' Admit I would know the' Meridional part anſwering to 50 deg, 7. 
| Tlook for 50 deg..6 min. and find TT - a 
| I look for 50 deg. 8 min. and find + « 3487 
The difference between theſe is - | = 
- > The half differenceis 4 


126 Propoſitions of Sailing, 
This 1% gide to the Meridional part anſwering to 50 deg. 6 my, 
and ic gives me 3485; for the Mcridional part. anſwering to 50 dy, 
7 min. ( the halt is inconfiderable Yz but this you do by onely looking 
to the parts, and adding one, or ſubſtrating, according as you defire, 


A. 


; ; RET CASE 2. 
=: The Latitude of two places, and the difference of Longitude be. 
tween them given, to find the Courſe and diſtance run. 


Queſt. 2. Admit there be two places, one in the Latitude of 5 1 deg. {of 
the other in the Latitude of 48 deg. 00', andthe Southermoſt of theſe 
places is to the Weſtwards of the Northermoſt 4 deg. 3%'3 IT demand 
their bearing and diſtance one from the other. 


T= the Meridional part an- 
{wering to each Latitude, and 
fubſtra&t them one from the other; 
and fo 1 have the difference of Iz 
titude in parts. Now theſe parts 
being ( as 1 have ſaid before ) ſuch 
parts as 60 of them make a degree 


' of Longitude, I have my difference 


of Latitude in parts given, and my 
difference of Longitude in minutes 
( or fuch parts) whereby Hay down 


the Triangle ADE, as 1 would doa 


common Queſtion, where difference 


- ofLatitude and Departure is giyen, 


and ſo find the Courſe, thus, 


Example. 6 Toh 
Latitude 51 deg, 1O' _ Mexid;parts 3585 
Latitude 48 deg, oo Merid. parts. . ... 


ac 1 x: B29? 


The Meridional parts contained between: theſe Latitydes, is 293 
» The difference of Longitude in paxts or minutes, is 


279 


4 


329” 
1 fay the in the. T1 riangſt-A E D, | 


As the difference Latitude in parts, AE 293 co.ar. 7.3331 3 
Is 1001 Radius OL SF. FE: go deg. oo 5 5 : 
' $ois thie difference of Longitudein parts, E D 278', 2, 2.44404 


performed by Mercator's Chard. 


To the Tangent of: the.Courſe-z. A, 43 deg. 29, \ 9. 9771 7 


Thas then you have, the Courſe given, namely the Angle a A 4.3) 
deg, 29';, and the two Latitudes 3 ( fubſiract them one from the other, 
and;the difference convert into miles!) and (et it off from A, the dif 
ference of Latitude is AB: 1190 miles, To find the diſtance run AC, it 
at the thixd:Cale, 


For the diane AC. 


As #.co. A 43 dege 29' c9. ar. 9.86068 
Is to AB 190 miles 3 Cn 3 2.27875 
So is Radius B'go diy, £ TE 
To C A 262 minutes. 


. The diſtance run is thing found then to be 262 miles neareſt. . 

This might be done by Gunter's Ruler,as in Cafe' the fifth atid Cafe 
the third; but ſurely no'man can be ignorarit of that Rialer that knows 
how to work by theſe Tables. 


k . 
"4 4 : 4 
7 7 
4 #. 9 R 


CASE 3. 


The Larltudes of of two plates, and their diſtance abi, fo fad 
their bearing and difference of Longituae. 


Qelt. 3 Admit there be a place i in the Latitude of 4. deg. 00',; another. \. 
in * Latitude of 51 deg. 10', and to the Eaſtwards of the former 
262 miles , (TL demand: thr beeing.ant thie. differeaide of: on 6 be- 


tween them. 


N this Queſtion yod have the two Latitudes-given; ſo that by ſub- 
liraQing them one from the other, you have the difference! F La- 
al: 3 ( High it into miles) alſo you have the diſtance run 260 
fo that = may'lay down the Triangle A B G, a common Tri- 

Gg 2 angle, 


P ropoſitions of Sailing, 


FE Eos angle, and in it you have gi 
» ey AB. and AC, to find the Off? 
which is the Angle it A: it fall. 
under the firſt Caſe of Right lined 
" right angled Triangles. 
The Courſe being found; in the 
next place take the Meridional Pars 
_ contained between the two Lat. 
tudes, and with them Parts and the 
Courſe lay down the Triangle 
AED, as a common Triangle ig 
laid, that hath the Courſe and dif. 
ference of Latitude givenz and {6 
you have the difference of Latitude 


in -whiin given AE, and the Coule or Angleat A, to find the difference 


of Longitude E D. 
Example. 
| deg. min. © 
The one Latitude is $2700 
The other Latitude is: 48 00 
The difference of I atitude is BA 03. 10 or 190 miles, 


AC the diſtance of the places is given in the Queſtion 262. miles.. 


For the Courſe A. 
As the diſtance A C 2 62 miles, co. ar. 7.58169 
Is to Radius or I. B go deg. ' 0 | 
S9 is the difference of Latitude BA 190 miles, 2.27875 
To s5.co.ACB 43 deg. 29', 9.96044. 


The bearing of the Northermoſt Port | is North Eaſt by North 9 degs 
44 Eafterly. | : 


N ext, for the difference of Longitude E D. 


I look for the Meridional parts contained betyyeen the two given 
Latitudes, apd having found it, ( as here to be 2 93 ) with this, and 
the Courſe before found, I'ſfay, 


As 


' Which is 4 deg. 38'. The like for any other of this kind. 


WS 
CASE 4 


ference of Longitude. 


mand the diſtance and difference of Longitude between them # 


"'F Ere you have the two Lati- 

& tudes:given,and the Courſe- 
whereby you may lay down the 
Triangle ACB, a common Tri- 

_ angle, and you have givan in it. 
the Angle at A 43 deg. 29' the 
ſide A B the difference of Lati- 
tude 190 miles 3 whereby I find. 


\ performed: by Mercator s. Chard. 229 
of As 1 qo. # (which is. s. ADE) 43 degs 29. co. ar. 0.1393t 
* 1s to. the difference of Latitude in parts, AE 293 paces; 2.46686 
RESTS 2657; - ito on 983767 

To the difference of Longitude ED 278' or parts. 2.44334 


The Latitude of two places given, with the bearing of them one 
from the other, to find the diſtance between them, and the dif- 


Queſt. 4. -Adviit. there be «place in the Latitnde of 5+ deg. 10', another: 
in Latitude 48 deg. oo' ( both North Latitude _) and that the Sou- 
thermoſt place bears South 43 deg. 29' Weſterly from the. other 3 I de- 


_ 
A 
. 
; uw 
x 


the diſtance. - . 4 


-» For AC. 


. As1.co. A 4.3 deg. 29), co. ar. 

Isto AB 190 miles;  _. 

.- Sois Radirs or 5, AB C 90 dep. © — 
To CA 262 leagues, TIN ._ _ 2.41806: 
The diſtance between the two places. + | 


For the difference of Longitude DE. 


: T:look for the Meridional parts contained between the twoTatitudes;. 


and with, them andthe Courſe given in.the Queſtion, 1/14) d6wn-the 
== -—— Triangle: 


23d | Propoſitions of Sailing 
Triangte'A E D (as in the Queſtion before” this 7 arid/in it 1, have the 


differcyce of Tatitudein parts E'A: given' me,- "inf the Angle at A 43 
deg. 29','to find the lies of Longitude E'D. 


L ſay: then, SIE 
As +. a, A: 43 degs 29! C0. are $I  ©.13931 
Is to AE 293 parts 3 OT LEN Te 2.46686 - 
So is 5. A 43 deg. 29 . 9.83767 
To DE the difference of Longitude 279 2.44384 
'Or 4 deg. 3g __ FAG YAN NS] 
CASE 5s. 


The: Rumb, the differ Ence of Longitude, and: \ONC" Latitude! ! 22ven) 
fo fn ' the other Latitude and the diſtance. - +. 


Queſt. 5. Admit 1 ſis from a place that is in North Latitude FI dep. 10', 
= ſail South Weſt by South 9 deg. 44' Wefterly, that is, South 43 
+ 94 Iefterly, till 7 bave Weſt Longjtuge from:tbe place I ſet 4.deg, 
r 278'3 I ademand woe? Latituga þ 142 6; and, ny dit from 
POE: | { YVEC1 i 


Nithi Queſtion I have eiven the Angles i the Triangle. A E D; =yY 
the po of Longitude ED; whereby Þ lay down the: Fila 
angle ADE, as 4 Triangle, Oy; oe 


* To find the 4 erence of Eanttacle ;n ports A 2" 


As 1s. A 43 deg. 29', C0. are , 0.16232 
Is to the difference-of Longitude i in nts D E 275; 3 2.4.4 .404. 
So is 1. co..A, 43 4fg- 29 { - |. * .0:06868 

2254 0 ore” 
To A E the difference of Latitude 1 in parts 937. 6 ©-46794 


Now this Uiffererice of Latitude i in, parts ring ti PE ' ſeek i in the 
Table of Meridional Parts, What anſwers to the Latitude given me in 
the Queſtion 51 + Bu ,and I find 2585 


From ag nl I (ab Stheerdveroffat ound ip has 0293 


1 
"Fitlo 


x 451 yo bs 
" yaithe, 'T ablescof; MerkltPe Gor? 3999, a9@ vo 4 
mW 


% 


wards into a leſs Latitude. 


| the Queſtion, we will lay down the common. Triangle A CB, and fo 


As fe. C0. A the Courſe 4.5 deg. 29/, C0, ar. No 4 ,, | ©1393 

' T5 to the difference of Latitude in miles 190 miles ; 2.27875 
\.. So ts R , 1 T< # Bf , - THe :' I % ; tt a an hed =” 
"To the diſtance run AC 262 miles. © © 2.41706 


The Conrſe, the diſtance, and one Latitude giver, to nd the o- 


 ToBA190 miles. 2.27898 


it ths "* - 
w_TI EW, 
« 


TS a Le TN, / 
ge 


.. 
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find Latitude. 48 deg. and againſt it in the little Colume of minutes ; 


- --# 
#1.f 


I conclude the other Latitudeis 48 deg. ©0': ; The xeaſon why 1 fub- | 


* . : < Py 


ſiracted the Meridional parts found, was, becauſe I failed to the South» 


We have now both Latitudes giveny fo that if weſubſtract the 1eſ- 
ſer from the greater, we have the difference of Latitude 3 deg. r0', or 
190 miles : with this difference of Latitude, and the Courſe given in. 


in.it we have given the Angle at A 43 deg. 29, and the fide A B the 
difference of Latitude in miles, £o tind the; diftance run( A 5- (fo that 
this falls under the:ſecond Caſc of right lined right angled Triangles, 
thus : | | 


2 


CASE 6. 


. ther Latitude, and the difference of Longitude. HS 


Queſt. 6, Admit T ſet from 48 deg. North Latitude, and' ſail North Eaft= 
erly 4.3 deg. 29', 262 miles Þ demand what Latitude T am in, and: + 


. my departure from my Meridian, with the difference of Longitude * q 
FEre I have the Courſe and F, ne ey 


Li diſtance run given, where- 
by Tmay Ray down the common 
Triatigle A BG 3\ which being 
done, I have A C given 262 
miles, and the Angle-at A 43 deg. 
25', to find the difference of La- 
Rte BA. PFifay they, 7 
**As Radans or AB C90 deg. 
Is toC A262 miles; 2.41830 / 
Sois £.co. A 4.3 deg.29” 9.86069 - 


232 Propoſitions of Sailing, 
This difference of Latitude 190 miles -C which is 3 deg.'10' ) ad. 
-. ded to the Latitude, I ſet from '(- 48 deg. 00”) gives the” Latitude 1 


am in SI deg. 10, 5 


Laſtly, I have now the Courſe given, and the two Latitudes, to find 
the_difference of Longitude, + þ | 


See what number-of Meridional parts is contained between -the two 
Latitudes, and I find 292 3 with that and the Courſe I lay down the 
Triangle AED Cas I have formerly ſhewed ) and ( as I would do a 
common Triangle ) where the difference of Latitude in miles, and the 
| Courſe is given. ER 

In which Triangle I have the difference of Latitude in parts AE 293 
and the Courſe A 43 deg. 29' given. E199 TE IS 


To find the difference of Longitude E.D, as in the fourth Caſe of 
this Sailing. 


As 5.co. A 43 deg. 29, £0. rs 0.13931 
Is to AE 293 parts3 2.46686 
So is 5. A 43 deg- 29' | 2, 9483781 


To E D 278 parts or minutes of Longitude required. '2:44398 


CASE 7.- 


To convert miles into minutes, or minutes into miles in any Lati- 
tude. E eg 


Queſt. 7. Admit there be two places in the Latitude of 46 deg. diftant 
750 miles ; I defire to know the difference of Longitude between them. . 


T is to be conſidered, that a degree upon the greateſt Circle of the 
World ( ſuch: a one as divides the Globe of the Earth into two 
 Hemiſpheres ) is but 6o miles, as upon the EquinoGtial, &'c. Now 
though every ſmaller Circle or Parallel is 36© degrees about, yet thoſe 
degrees cannot be 60 miles in each 3 therefore we would know the 
meaſure of theſe ſmaller Circles in miles, or- what number of degrees 
any number of miles will þe in any of theſe leſſer Circles 3 which will 
be found by this | LO” 


General 


| biformed by M ercators C bard. 2 33 


ap Rule. 


As the GiCenpiinc of any Latitude, or the diftauce of Fat Parallel from 
the Pole, 

1: in proportion t0 the Equinatlials diſtance from the Pole kd or Radius ) ; 

'& # the namber of, miles 7 an- that Pajallet, ” | 

 Tothe nuinber of minutes contained in that number of mitek | 


Eames im the Caſe before us. 


As f, co. 46 deg. 00' of Latitude, co. ar, _ _ - ©.15$22 
Is to Radius 90 dep. : 
So is 750 miles in that Parallel, . 2.87506 

'To 1079 minutes : | bs by E . 3.03328 

gr ih d. 'm, 


Which converted into degrees and mi- . xr 2 ?P (9 (17 59 
nutes, 1s 17 deg. 59'. Ed &B oN 


If yore would turn minutes into miles, adit they Were Tore: q 


As Radius Es {7 
Is to +5. co. the Latitude 46 deg. "0 NP pI - $4177 
So is the number of minutes 1079, '... | 3 .03328 


To the number of miles contained in thofe 
minutes 750 miles, +1 -. - 


Now from this Rule, a: man may work his Gekobing daily at Sea. 
Imagine that the 10th day of May, Mrnday, 1684, 1 departed ton 
the Lizard, which lieth.in Notth Latitude 5D deg. o0', and failed 


2.87505 


*, Welt South Weſt 102 miles; 


Then South Weſt by Weſt ''150 wiiles STEEN 
. mn Then South-Weſt by Southy $30 miles > Eh iol 7 {if 
* 7*- Then South *Weſt © 100 miles. 
Then Welt South Well - 142 Miles, 
Then South Welt by Weſt 100 miles. 

And I would know daily the difference of Longitude: that 1 have 
made, and keep my Reckoning by pn ns and Latitude, as indeed 
it was always my cuftom to do 'and*F have ſhewed this\way by the 
Blain-Scale: ; But, this } always, aled ee: 

- Look in the Tabl: for that oi WALK i is in 1 my Fauicy 5 Sea- 

+ on mans 
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mans Prafticez and in this Book for the Meridian-diftarice that the fir 
Courſe and diſtance makes, ( or elſeI work it ſome other way ) and 
Rnd  - Sat Kok Weſt. South, 
A Weſt South Weſt Courſe 102 miles, makes 94.0 40.0 
This Southing 1 ſubſtra& from the Latitude 1 ſet from, and it leaves 
the Latitude 1 am in 49 deg. 20": ( (et it down in the Colume of 
Latitude ) 3 the Meridian-diftance I ſet down in the Colume of Weg 
Meridian-diſtance. And lattly, for to find the Longitude that this 
Meridian-diftance will make, I find the middle Latitude between ye. 
ſterday and this day 3 ( I mean, that was between 50 deg. and what 
now I am in, when I have failed this 102 miles ) as I have largely 
ſhewed. That done, I find it tobe here 49 deg. 40's | 


. Then I fay, | 
As 5.co, the middle Latitude 49 deg. 40 | 0.18893 
Is in'proportion to Radius 3 
So is 94 miles, E.97312 
To 146 minutes, or 2 deg. 26, © — 2.1 6105 


And this makes up the firſt Line of the Reckoning to be expreſſed, 
as here underneath, thus : The 11th Tueſday I was in the Latitude of 
49 deg. 20', and had Weft Meridian-diftance from the Lizard 94. miles; 
Thad Weſt Longitude 2 deg. 26', 


_ Secondly, for the next days Work. 


Yo * Weſt. Soth, = 
South Welt by Weſt 150 miles 124 34 


; Flubſiract my Southing from the Latitude I was in yeſterday, and 

E have 47 deg. 56* for my Latitude that I afn. in to day ; Take then - 
the Meridian-diſtance 124, and adde it; to the Meridian-diſtance you 
trad yeſterday, and fo you have 2.138 for your whole Meridjan-diſtance. 
Alſo take the middle Latitude between the Latitude yeſterday and to 
day, which is 48 deg. 3S', and ſay, 


As 5. co. 48 dep. 38, co. ar. _ 0.17988 
Is to Radins ; | 
So.is the Mezidian-diſiance 124 miles, 4 2,09342 


M—_—_ 


- To the difference of Longitude in minutes, »88' or 34, $*. 2-27330 
$d © f'pHuS:© Y 2%. i M6 RE FONE "PE" W 


performed by Mercitor's Chard. 


2 


Now this difference of Longitude © © '* © © 
Added to the Longitude before. - 


Makes. the whole Longitude to' day | 5.54 


So that the: ſecond Line is made up, and may be exprefſed thus : 
The 12th Wedneſday, I was in the Latitude of 47 deg. 56"; Thad Weſt 
Meridian-diſtance 218 miles, I had Weſt Longitude from the Lizard 
5 deg. 34'» And thiis'every day you may Reep your Reckoning, as 
here following. | 

But for your fuller information in this matter, 1 refer you to what I 
have ſaid before concerning this matter 3 where I have treated fully 
of the manner of ſetting down your Reckoning daily. This is the Rec- 
koning, of the Courſes! and Diſtafices'on'the other fide.' I leave the 
praQtice of it to the Learner. 


—— — 


—_A©G Gn... tt... 


6a ets | mmm mid th RI 
The roth' of May, Munday, we deparred' from the Lizard; 
 Anrio 1684; it is in North Eatitude 59' deg. oo min.| 
r OD UELIADLG inp und) LD Id CHD bo, © T7 it. 
Hee followeth' my Welting and Southing. 
: | 
Da. Mo.| Week-days. LATE ” 20h Longitude wW 
eg. min. deg. min. | 
Tn AWE 1A miles. . = 
p34, DDD. 3 || 49, 20 O94 | o2 26 
e's Wipe: 225 0 6 pi 20h 1: og) 90þ 
E 46 33 | 27qu"Je6''56 | 
I4.. - 45 ' ol --} [J68: [209% op: | 
15 "44 O08 | 4b$ | 1210 


_ But-to-anſwef2the:Queſtion-propounded, : you may read daily;your 
differthee'of Longitude in: its Line' for that dayz'''for you ſee here it's 


ready! caſt up, '- i 


Admit it is the'1 6th-diy.'F woull know my Reckvning,z 1 166k up 
hat Line, and read it thus : (5 
& A Hh 2 Ez ; 


$7, "B% Fo Fo 
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36 About the Variation of” the Compaſs. 


' The 10th of May, Sunday, I'was in the Latitude of 4.3 deg, 1 and. 


was to the Feſtwards of the Meridian of the Lizard 572 miles; ] had 
Wet jo on from it 13 deg. 53+, AA after the ſame manner you 


any other Line, yi ad al recs roles; 

1] uſe at Sea to work the proportion by Gunter*s Ruler for ever 
day, becauſe that. is ſoon done, and free from any miſtakes; but I leave 
every one to their own mind. 1 have been the briefer here, becauſe 
I have been very large on this way of keeping a Reckoning in this 
Treatiſe already. PEE | | 


May rea 


, 


- +. i Thus much for Mercator's Sailing. 


_ — Fl _— —_—— 


© About the Variation of the Compaſe 


| Had thoughts to have ſhewed at large, Rules for the Variation of 
the Compaſs 3 but I ſhall not infilt much. upon it, becauſe *tis 

.' treated'of by ſo rnany already, and is fo eafie a thing, onely thus: 
When by an Azimnth Compaſi, or the like, you obſerve the Sun at 
his Riſing or fetting, and nate the degree. from the Eaſt or Weſt, 


much as it differs front the true Aniplitude (which you work for in 


"64. I ems 


the Sphere ) ſo,much isthe Variation. | 


_ _ Exanfhle. | 

_ þ 90 . | | YE deg, min. 
Admit the-true Amplitude of the Suns Riſing were}... 7 

©: Eaſt Northerly: > ; :- < alt | 3%, 46 
The Magnetical Amplitude, ( or the Suns Riſing? Fey 

| by the Compaſs) were Eaſt Northerly > 1 T... 


- Their difference, is-the-Variation-. 


__ } 


Andit's Weſterly, becauſe the:Eaſt point of the Compals'is more 
Northerly-thans it ſhould be, or: ( which! is | more- proper |): the North 
point is more Weſterly than the true Meridian of North.!'-F hall fay* 
no more of this here, but refer you to my Father's Seamans Pratiice, 
where it's largely treated of .in:page the 111 to page the 120 3 and 
alfo here in the ProjeRion and Ule;of Azimuth Compeſ, F 

Ea | LOA | ESC $5 Srodts. Inreys: © - [I 
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Hare follweth a Coialogic of the Longitude Fy La- 
titudes of the moſt principal F laces in the World, 


beginning from the Meridian of the Lizard f Eng: 


land. 


Latitude 50 deg. oo min. Longitude oo deg. 00 min. 


a C— —p— — i 


Places in France, Spain, and Portugal ;| Laticud. | Longit: 
their Names. © 7. min. | deg. min. 
2.8 

53 
O© 
39 


2} 
"T1 


— — 


Cape de Hague 
Carkitts 

Uſpant ' 

Cape de Machicaca 
Cape Pinos 

Cape Ortegal 

Cape Finiſterre 

The Rock of Lizbon 
Cape St. Vincent | 
Cape St. Maria 
The Strejights Mouth 


Tangier 


Head-lands and Places in the Streights ; | Latitud. | 
their Names. wt deg.min.| d 
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C: ape de Gatte 
Cape St, Martin 
Cape Dega Frito 
Cape Larci, 
Cape Mele 

Cape $ Partenents ur. 
Cape St. Maria 
Anglo 

Cape Cafta 
Raguſa 


61.475 by bn) bly 
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Cape Langs N| 40 18[26 13 
_- Metopan  N\36 25[27 23 
_ Cape St. Angelo N|37 12|30+ 19 
on Saradoni Ni35 3313s o9 
Cape de Bacur _ Nj32 38148 1: 
Cape Roſetta - * N32 $54|27 50 
Cape Bonna' N[|37 071]17 35 
Trenis ' N[]36 43|07 og 
Cape Falcon N|36 o5{[04 48 
Cape Trees Forcas N]35 42102 47 


|  Tands in the  Srreights ; hots Names. 


Alboron 
Formentera 
Mayorca 
Fuica 
Minorca | 
Gallatta- : 
Cape Palo in the Iſ}and of Sardinia 
Cape Corſica in the Iſland of Corſica 
Palmorola 

Lampadeſa 

Malta- 

Cape Paſſaroin ; 

Marſuia- © 

Corfu = 

Cephalonia 

Lant | 

The Weftend of Cendia 

The Eaſt end of Candize- 

R hodes 

The Weſt end of Cyprus | 

The Eaſt erd of the ſame: 


Ti Fe | Coaſt of Barbary '$ outhwards , an 
Guiney 3" their Names. 


Cape | Sprat N 
Cath Carnteene N 
Cape Rajador © N 
Cape Blanco N 


A114 


——— 


EEE 


Latitud, Lovgit. 
deg. min.| deg. min. 
379 $50]O2' 40 
38 42107 oo 
39 40108 40 


39 05107 13 
39 $y21}09 .53 
37 55115 10] 


38 56[14 .59 
42 50[14' 58 


40 5gollo 23 


35 56129 I5 


36 06120. 38 
37 ' 08122 15; 
38 o07|22 27) 
39. 2726 41 


ts 
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and Latitude of Places. 


Cape Verde W254 35112 47; 
ire Leone Njos oo[og os 
Cape de Palmas Njo4 10102 35 
_? 
The Names of P Haces to » the Cape. dren Fw. 
- Cog”! ” LT ORELY 
Cape Tres Pun@as No O04 O4 03 © 3 
Cape Formoſa Nog 12|11 38 
The North point of Fermando Po Nloz 28[14 46 
Ind Principe N or 48115 43 
Iſland Cochas Njoo 4Qjlog os 
Ind St. Thoms Noo 10[14 53 
Cape Lopas S|oT ooſl5 03 
Cape Negro . Sþz6 00|[18 12 
Cape Szcor S|29 35|23 43 
Cape Bona Eſperanza S 34. a4 24 33 
Hands ſ cattering, as it were. _ progeny _ 
St. Matahews Ifland Slot 43]or os 
The Iſland of 414 Bonne Slot 22[13 23 
Aſcenſion land S108 oo[08' 07 
St. Helens S116 oojfol 13 
St, Helena Nova S|r6 :'02[12 x1 
Iftand de Triſtan S|36 $5600 o5 
The Main Co ontivent in a the Eaſt-Indics | Laticud, | Longit. | 
deg. Mil deg. min. 
Cape Lagulas $| 35 ook 00 53 
Cape Corentis S|23 30| 43 23 
Cape de Guads S|15 17| 47 19 
Cape de Guardaſin N|it 4o| 61 38 
Cape Roſulgate N22 os] 71 33 
_ Surrat N 21 O41 83 43- 
Goa © Nſ15 40| 84 23 
Cape Comerin NFo7 50| 86 35 
The South-weſt fide of Ceylen N {os o0|. 92 20 
River Bangalle N | 22 o9| 97 43 
Syams- N|14 $2|110 oB 
4 Point N[20. 20118 23 
Point of Cavallo N| 25 16[128 21 
Corea N36 .060133: 2: 
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Saad hd. Maha 
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 _Firando Iſland. 
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Thands in n the Eaſt-lndics. 


Tana Pracell 
Cubile 
Moligue 
Andaro 
The North-weſt point of Sumatra 
The North point of Cellebes 
The middle of Gelola 
Bachian 

Machian 

Motir 

It, Fobannas 

South point of Borneo 

North point of Borneo 

Welt end of Mandanns 
Anamba 

Sr, Fttan 

Tendaia 

 Mandors 

Perigoa £27 

North end of Lwcon 

The middle of Aynar 
Southend of - Formoſa 
North end of Formoſa. 


 Weſtend of Fappan 
North point of Fappan 
. Cape Patience in Feſſo 


South-eaſt end of Sumatra 
Bantum 


Batavia © 

Tintor 

Ceram + 

South end of Celebes 
Romeyros * 

John de Lisbon 
Diego Roize 
St.iBrandon 

' Dalgatins © 
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| Latitud. 
|acg. min, 


"10 ! 
OS 
09... 
IT 
O05 
O2 
OO 
O00 
OO 
OO . 
O04 
O4 
O7 
00 
02 
OB 
I'2 
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ofs 
IS 
I9 
21 
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34 
40 
39 -.. 
= 
O00 
06 


O9 
Q3 


Dat Gte 


St... 
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: QUHAP. xxXY% 
The Do&trine of Spherscal Triangles. 


Of the AﬀeCions and Nature of Spherical Triangles. 


| Spherical Triangle is made of three Arches of three oreat 

Circles that interſe& each other upon the ſurface of the 

- kit Sphere 3 and their Angles are 'meaſured by the Arch of a 

great Circle deſcribed between the two fides, whoſe Poles is the angular 

Pojnt.. | | 

2. All great Circles of the Sphere, divides it into two equal parts or. 
Hemiſpheres 3 and no fide of a Triangle is ſo great as a Semicircle, 

3. - The three fides of a Spherical Triazgle are leſs than 360 degrees; 

Tf two ſides of a Spherical Triangle be 180 degrees, the two Angles at 


the Baſe of that Triangle ſhall be 180 degrees 3 but if the {ides be leſs, 
the Angles will be alſo leſs. wy 4 


4. A right angled Spherical Triangle, hath certainly one right An- 
le. pods 
: 5, In aright angled Spherical Triangle, if either of the ſides next 
'to the right Angle be a Quadrani, then is the Hypothinuſe a Quadrant 
alſo; but if their fades be each leſs than a Quadrant, the Hypothinulc 
will-be {o'too 3-it oneiof them ſides ſhould be greater thana Quadrant, 
' the Hypothinuſe will beſo alſo. 
16; :An-oblique Spherical Triangle hath cither all the Angles acute 
'ard then” tis.called; an wcnte angled Trizngle) or clfe obtuſe, or thirdly, 
'dhieſe and acute, and then *tis called an obtuſe angled Triangle, - 
\/ 7.-Ifthe Angles of a Triangle be all acute, the ſides of that: Triany 
gle are none of them fo great as a Quadrant, AS tos 
8. Every Spherical Triangle conliits of five parts, belides the Right 
Angle z that is, the three fides, and the two Angles, . Now theſe parts 
"are three of them noted to be Complements, and they be them that be 
Hartheſt from the Right Angle 3 and the other two, which be next to 
"the Right Angle, are not noted by their Complements, as you may {ce 10 
the Triangle A BD right angled at B, 
| 9, Now 
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9, Now if any two things begin in this 
Triangle, beſides the Right Angle, we may 
find the other things, as in right lined Tri- 

angle 3 but here muſt beſeveral things con- 
lidered. 3 
10. For theſe ſides being Arches of Cir- 
cles, are meaſured in degrees, as well as the 
Angles. 

14. When you y found one of the 
Angles, the other is not its Complement” 
to 90 degrees 3 but if you 'll find the other, 
you muſt do it diſtindly, 

12, lo workany Queſtion i in either right angled or- oblique Trian- - 
gles, we may lay down this general Axiome. 


General Axiome. 


The Sine of the middle part with Radius, i z5 equal to the Tan- 
_ gents of the Adjacent Extremes, or to the Sines Comple- 
ments of 1he Oppoſite Extremes. 


I3. Within the bounds of this one Axiome, will all the Caſes of a 
Spherical Triangle ( but two) fall; and On are the two laſt Caſes 
in Oblique Triangles. 

I4. So, that if a man underſtand but theſe PAP Lines well, he may 
frame all the Cannons, or work avy thing that is to be Jone 3 and 
therefore it ſhall be 'my endeavour in every thing (as IgoY to ex-. 
plain the Rule, 

15, Pray mind one thing, and that is, That the Right Angle'B is 
net counted to-part the fides next to it, whereas the other Angles do : 
So that we count BD and BA to joyn, 'whereas we count BA and 
AD as parted by the Ange between them A and fois BD and DA 
by the Angle D. Theſe Thin premiled, we come next. to explain 
the' General Axiome, 

Admit in the Triangle ABD, -1 have given me BD, and the Angle 
at D, to find the fide D A. I mind not yet which is given, nor what 
required : ; but onely*that theſe be the three parts that we have to do | 
with: Firſt then, 1 would know which of theſe is the midale part 3 
and I believe you'll cafily yield that D is, becauſe D Bi is One Way nex. f 

to it, and D A the other way. 


Then 1 would know whether it be an adjacent or an oppoſite fine 
An 
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And foraſmuch as BD joyns to D, and D joyns to D A, '( nothin 


being between them ) 1 conclude it*s an Adjacent Extreme, and the An- 
| pleat D ( as we noted before ) is the middle part. 


I look upon the General Axiome, and that faith, That the Sine of the. 


_ midale part with Radius,y equal to the Tangents of the Adjacent Extreme, 
'J'll therefore call the middle part.fo, as that I may have the Sine of it, 
and the two Extreamr, ſo as to have the Tavgents of them 3 and they 
ſtand thus : | Sine Complement D, with Radius, 1s equal to Tangent 
Complement D'A, with Tangent DB, in ſhorc thus : 5. c. D + Raging 
iS =to t.c. DA -+.DB. 

You may ask why 1 call the middle part Sine crndiins and the 
. fide DA Tang. Comp. when the Rule faith, Sine the middle part, and 
Tangent the Se 3 I anſwer, they be Complements already ( and 
ſo they are noted in the Triangle ); or if 1 would have the -. or the 
t. of them, I mult call them «. co. or t. co. But the tides next the Right 
Angle, are not noted by their Complements, and therefore I call DBt, 
to find the Tangent of it. 

"The Queſtion being brought to this, now mind what given, and 
what is required, and ſet the things down. in. their order, oncly taking 

care to ſet the thing required in the laſt place, ( thus : ) 
1. D. - 2 Thus now if theſe things had been really given and re- 
r.co. D Fquired in a Triangle, you would have had the required/ 
t.co.DA Gibe by adding the Logarithms of the firſt two together, 
ard looking for that ſum ,' for it*s the Logarithm of the third, caſting 

2vay Radiy, or the firſt igure on the left. hand ;, as, if it were 19, to 
caſt away the 1 from any Sine, and leaving onely the 9 before the Gon: 
ma 3 or. if a Tangent, caſt away the firſt figure, if it excced 12, * before 
the Point or Comma. 

But you may ask whether or no you fhovld take the Complement A- 
rithmetical of the firlt of the given things, as is uſual to avoid ſubſtra- 
Ction. For that, obſerve this General Rule. 


That if the middle part aud an Extreme be given, take the Complement 4- 
rithmetical of that Extreme; but if the two Extremes be given, to 
find the middle part, take no Complement Arithmetical at all. 


And urder one of theſe two Notions all Qreſtions will fall. 


Secondly, ( wn. the ſame Triangle ) Admit the Angles at A and D 
were given, and the fide D-A were required ; here D A is the middle | 


part, and its an Adjacent Extreme : Therefore, 


So Clo 
® 
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J At. co. - 
res DA Rodin ==t0 #. C0. Aſt co. DFA D v.co. 
FAD. co, required. 


Now here the two Extremes is given , to find the middle part 4 and 
therefore take no co, ar, at all. 

| Thirdly, Admit D A were given the Angle at A, and AB were re- 
quired, it's an Adjacent Extreme, and A is he middle part, 


F. 60s A 


$.C0g nA abs Radirs is = to t. co. ADÞ-1.A 6h co."A D cw, ar. 
t. AB required. 


| In this caſe the middle To t and an Extreme is given, and therefore I 
take the Compl, Arith. of the given Extreme. 

Fourthly, It A were given, and the fide AB, and the fide BD, were 
required; this is an Adjacent Extreme: for the Right Angle < as ] 
have ſaid before ) doth not part the two fides; A'B is the middle 


part> 
AB.. 


s. AB wi+ Radins is = to t. B Fry t. Cd. ada t. C0. C0. are 
DB required, f. 


Fifthly, If AB and BD were given, and D were required 3 it's an 
Adj Extreme and hs Bis the —— park, 


*.. 


i. AB to. ar 
.DB + Radins | is = tO, co. D-:z.B ah; BD 
t. co. D 


And theſe be the five Adjacent Extremes, 


of Op poſite Extremes. 


Fes $ an Oppoſite Extreme that hath one of the three things con- 
cerned (nao 3 ( but mind). I don't mean the Right An- 
gle hall part'any thing. 
Imagine that in-the Triangle AB D, I have £ given the fide } B B: the | 
ile D A, and that the Angle at Abe required. 
+ 7 08 This 
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This now is an Oppoſite Extreme, and DB is the middle part, becauſe 
it lieth alone, and iscqually parted fiom the other two things, namely 
DA by the Angle D, and A, by the fide A B. 1 lay then, 


© be. | Ys. D A co, ar. 
.DB + Rodin is =to 5. D Ad- 5. Apr. DB 
; A required, 


Here you may ask why I call the fide D A Sine, when the Rule Git 
That the Sine of the middle part with Radius, is =to the Sine Comple 
ment of the Oppoſite Extremes. Now this is an Oppolite Extreme 
( you'll ſay) and AD is one of the Extremes 3 why then is it called 
Sine 2 ® 

I anſwer, AD is noted a Sine Complement z and if I call him Sin 
Complement, I ſhall take the Sine of him, for he is a Complement ena ; 

| ( the: Complement of a Complement | is the Se of that Complement ) and 
therefore to have the Sine Complement of A D, Tcall ita Sine. 

Secondly, Let the Angle at D and A be given, and let B Abe requi- 
red. Here D lies alone, and therefore is the middle part, and: It's an 
Oppoſite EATON: 

» D 5s. co. 


4.0. D + Rollin is = to 5A —_- $.ABFA v5. co. ar. , © 
AB 5, required; 


| Here I call D vs. co. to have the Sine of him ( becauſe he is a Com- 
plement already ) and the others Sine to have the F. cv, Of them, for 
the ſame reaſon. 

Thirdly, Let DAand A Bbe given, and let DB be required. Here 
. the ide DA lieth alone (tor we count the 
* Right Angle doth not part any thing ) and 
therefore it's an Oppoſi te Extreme, and the 

ſide that lies alone, i is the midale part. 


AB £. co. co. ar. 


D B 5. co. required. 


tO 5.c0, A He 1.0. 
\\D'B* 'L 


Here I call D B #, eo; to find the Sine of-- 

v2 him, becauſe he is'a Complement already 3 

(1 _y find the Sine of him, becauſe he'is the 'middte part”) and the 
Rule FOI Sine of the middle part with Radiluj1=v0 the Sine og” 


- ment 


1.c0.A I Radius is = atk A F. C0. 
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ment of the Oppoſite Extremes. Then I call the other two x. co. to have 
their #. co. becauſe they be not roted Complements already, and they 
be Extremer. 

 Fourthly, Let A be given, B D be given, and let D be required, Here 
the Foriengs at Ais alone, and thercfore the middle part, and an n Oppo- 
| f te Extreme, Then 

Se 03, A 

$eC0s » & T” Radits is = to FeC0, B D 4 Fo op: BD 

| | .D required. 


Laſt #Þ Let AB and D be piven, and let DA be required. In this 
caſe A B is alone, and ſo it's an 1 Oppoſree Extreme, and AB the middle 
part. 
5D co. ar. 
\ SA'B 7 Reds is =tos.D+sADps. AB 
DA required. 


-And.thus you may frame a Rule to any Queſtion, in cither Notion 
of Adjacent or Oppoſite Extremes. + But I have found in teaching, the _ 
hardeſt thing hath been to make them underfitand when'they ſhould 
call a thing a s. s.c.t. or t.co. but to free you from all miſtakes, obſerve 
this for a Rule. n 


_ Obſerve. 7 


Cal any of the froe Is) by their names, -and.; you. ſhall bags 
the Sine or the Tangent of them; call them out ” their uames, 
 'and you. ſhall have the' C Complement of rem. 


My meaning is thus : 


' The Avgle A; the Angle D, and the ſide A, arc called Candlemares ; . 
call any of them. F. C0. OT t. co. and you have. the Sine. or Tangent of 
them; call them Sine or Tangent, ({ which js out of their names ) and 

you..-have.the 5: ce.-Or 1oco; of. them, + ._ . 

In like manner, the fides that lie next the Riglit Angle, are not 
noted by their Complements : therefore call them” # or ft,” and you 
have the Sine or. Tangent of them (far that's their namies*)3 and by 
conſequence, call then*s."co:"0r eo whengou would: have Bs 
plements of them ( that I call out of their'names. } +% 4 


, Theſe Examples of the ten Enter, are together thus : 
a | Kk 2  Aqhacent 
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Adjacent Extremes. 


DB? | "hi 0 | 
'D £. co. d. co. D+ Rad.is = tot, DB + #. co.DA 
DA requ. ft. Co.) 


| Data. 


A requ. f. C0s 


AD t. co. = | 
Zo Data.- A To C0s on A + Rad. is ==q(0 8.00. AD + t. A * 
CAB requ. 7, 


A t. co. | 
B Dr requ. tf, I, ee 


D t. co. : 
2, pan AS. C0. & co. D A Þ Rad. is = OOO IRA 


A B te BH, 
cn fo pos + Rad. 1s = 0 fc. Dt. BA 
eqained, £.c0. 


Oppoſite Extremes. 


BD 5. | | | 
I, DonedD A So N BD + Radius-1s S={f0 fo D A. + f: A 
| Arequired Fe. 3: BEG ry 3 


-Y 


CD 5.0. 4 | 
AB &s. co. requ. ) - ws 


| D A-s. co.. y | 
3. Dad B 5.0. bom DA : Lads 15=to 100. AB + $.c0.D & - 
a B D reque Fo C0s | X | : 

CA 5s.co.. 


+4 Date. DB &. co- d. co. A Þ Rad, is==to-1.00 BD £.D 


\ 


CAR ++ Radixs is = tos. D + 5. D A. 


£4 


_ Hifter 


M 


- ADBis the Angle of the hour from midnight; whoſe meaſure-isR O' 


oo" " he hs. of _ _—_— þ Fees WTR SS 7 9 k 8&2, 4s | " F E109 
X 4 6 bs : i, ” 53* # 4 : \ dM. % wi > "44 "WM ba 
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After this rhanner, you may frame a Rule for apy thing, in fach or- 
der, that you have. need of no other confideration to work it, but to 
{zt the thing required in the third place, and to take the Complement 

Arithrzevical of an Extreme, it it be given with the middle part, buc 
elſe not. 

Theſe things premiſed, weare now fitted to work any thing in any. 

Triangle, "0 anglicd or oblique, except it be when the three ſides of 
an Oblique-Triangle be given to find an Angle, or the three Angles 
given to find a ſide, which is the two laſi Caſes of an Oblique Triangle -- 
' and therefore we will next handle the ſixteen Caſes of a right angled 

- Spherical Triangle. ; _ 


"EP CASE rx. | 
Latitude Nertherly 5o-deg. 00 min; Dec/ination Northerly 
17 deg. 47 min. 7 demand the hour of the Suns Riſing. 


N the Triangle A D B,. the Poles Elevation is ( in this following 
Xx Scheme ) DB; the Complement of the Suns declination is D A; 


| 
bh 


_ 


equal: , 
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equal to S A, the diſtance from- midnight that the'Sun traſeth,..t6 hi, 
ring A B the Sons Azimuth of riling from the North, whoſe Com. 
plement to 90:Yeg. is A Y', the Suns Amplitude of riting from the __ 
A is the Angle ot the Suns Poſition. 


) 


o 


In the Triangle A BD, then we my given, 


The Poles Elevation B'D.''- | [617 21:200/ 
The Complement of the Suns declination D A 72 713 


And let the Angle et D be required, which is the hour from mid. 
night to the Suns riſing, 


I confider. it's an Adjacent Extreme, and that D is the middle part. 


| Se C0s D + Radius, is =tor DBJ-1. C0s D A. 


DB x. 50 deg. o0' LS nd © 160761865 
DA t: co. 72 "By, 13/ v 9.5061586 


Na —ad—evtaaaran— 


ADB vr. co. 67 deg. 32 Ra P72 9.5823451 


That is ( converted into time ) 4 ho. 30' *, 
night it 15 to the Suns riſing. 


Here I took no co. ar. becauſe the.two Extremes was given to find the 
middle part. 


: fo o long after mid- 


- A 9 E 2. 
The P erpendicular and the Hyjothinaſe gzven, to find the Baſe 


In the ſame Triangle repreſented” tes, let there be'given, 


5 


The Complement of the Suns declination DA + 72 13 
The Poles Elevation D B- "$0" 00 


And let the Suns Azimuth from the North be romieed B A. 


This is an Oppoſite Extreme, becauſe A Dis alone 3 and for thc lame 
realon it is the middle mo 


Fa C0s AD ry Raging, is = to 5. co. DB + 5. co. AB, 
4. 0, DB5o deg. Os, cor,  * 0.191932 
5. co. D A72 = 13 4 | | 9.454895 


0, A. f6.608 A Srale 383i mo auod 5d3 30 alan 9.676827 
at 0 \ ns o_ $. + SS © 7 #381 * +8 $4 '* #2 { £*8% | ; - Thus | 


N £28 POP d PE” 3g. ary n s v 
Un B98. [ "=: - $24: £6 "> a>." F- 1 WH ner M8 % 
% by #S; > tf —-—*.: 8 f 8. ot A EWS *e Aoi R- » . * 
oe "SH * Y x We wo [99 I's” 3 ny RE BY WS * : 
> this ES 6 F 
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Thus the Sun riſcth North 61 dep. 38' Eaſterly, or Eaſt 28 deg. 24 
Northerly, which is his Amplitude, 
| took: the to. ar. of the given Extreme, becauſe *twas with the ndd- 


FP dle parte - 


CASE 3: 


The Porpendiculer and the Hypothinuſe given, to find the Angle 
at the Baſe. 


Let there be given as before, 


| A 7 F | 
2 b $A Fg 3 And let the Angle of Polition be required. 


This is an Oppoſite Exvrente, and D B licth alone, and is che middle 
part. Say, | 
HON 7 SG s:==t0 DOA bo s. A | 
i. DA 72 deg. 13 " C0. ar 0.021263 
i. DB 50 deg. 00! hs 9.884254 


——— 


AR. 9.905517 


The midale part and an Extreme is given here, and therefore I take * 
the co. ar-of the Extreme. 


CAS Eg. 


The P erpendicular, and the Angle at the Perpendicular given, 
to find the Hypothinuſe. | 


Admit i in the Triangle, ADB there be given, 


| | d. Ms - 
The Perpendicular B D .. Lows: ns 00 


The Angle at the Perpendicular D 67 32 
And let it be required to tind DA. 
This is an Adjacent Extreme, and Dis Fthe midale part. 


Fo Cs D —þ= Redi, 1s ——Yy 7..C0, D - S_ tD B. | 


n £ ” 
n YZ Ls 24s. x h 
[- Es Ad: 2. -V* Kilda 
2y ie $ \ ox "RY Made 3 "SAL... K 4 F A 4 
4 - - ke * ade] wo 
* = v A 5 
”— PIG? * 
. 


wy YN FS, che We" "42% . p bs © Fa xc + A df ra <4 het. td” at ls Kg a , _— = A 
» : wow 4 4 os. hm 3) Ws. - {x5 G = FS > # > 64k "4G X WS; . « a % Y > 0 "4 LAGER I abr $Luk 
E +4 p #5 % : * Is 4 2 l Y i a OO 4 Fr ? 
( P £6 Þ " 4 2 "op WAN 4 
© VG &. % > 
. —_ » 
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DB tr. 50 deg. 00', cs, are. | 9:92381 
Ds a7 £732 OO 9.58222 


DA t. co. 72 deg. 13" | 9.50603 


|» "Here the Compl. Arith, of 'the given Extreme is taken, becaulc it's 
given with the middle part. 


CASE 5. 
" The Perpendicular, and the Angje at the Perpendicular given 
to find the Angle at the Bale. 
| Let there be given in the Triangle ABD, 
4 The Angle at D 67 deg. 32' - T And let the Angle: at A be 6 
1 The Perpendicular D B 50 deg. oo'F quired, _ - + 
Here Ais alone, and therefore it's an Oppoſite Extreme, and A is the 


middle part. 
9160. + Radins, is =,to 5. c. D B+ 5.D. 
DB y. co. 50 deg. 00 9.80806) Here we took no Complement 


D 5s. 67 deg. 33 9.96571% Arith. becauſe the two 


. Extremes be given to find 
. AF. C0. 53 dege 34 9:17377 * the middle part. 


| ſhall note no farther about the middle pert, and the Complement 
Arithmetical ; but bid you mind the Rule. 


CASE 6. E 


7 he P erpendicular, and the Angle at the Perpendicular given, 
to find the Baſe. | 


| Let there be given, 


| d, M.- | | ; | 
\ BD $go oo 5. BD + Radius, is =to #. BA 
D 67 32 + t. co. D. 


And let the Baſe B A be required. Dt. co. 
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D #.co. 67 deg. 32', C0. are Sk 0.33349 
DB 5. 50 dep, 00, 73 471 - 9.88425 


 BAr. 61 ay. 38. Lights, 14) ts auabpng 


4 be Perpendicular, and the Ange at the Baſe given, fo wo fad the 
' Angle at the Perpendicular. 


Let there be given, 

Ode Ms 1 | (£8 
DB +59. 00 _ A 2's Rodin, js-== tO L. £0. 
A T5 3": D 6 bY 7D. 


And let the _ at D be requir. 


DB £. co. C0» are 59 deg. 00”. - 0.I9193 | , 


SLOT + - , 
'Do. 67 deg. 32 moe © 
CASE 8. | 
| The FP erpendicular, and the Angle at the Baſe given, to wy the : J 
Hy otenuſe. PP . _ | I : - 4 


Let there be given, 


d. m. 
DB 50 oo fo DB Radius, | is =o s. DA 
*- - $3506 + 3 A." 


And let A'D be required, 


5. A 33 deg, 34'; C0.ar. As 099435; 
s. BD 50 deg. oo! BER” 9.88425 | 


i. DA 72deg, 30' _ | | 9:97860 


et Cd a, | 
" belts TS v4 . \ , Fs D . > 
"7 - 3 l « 6 ts '*, Y "MW TI s wr 
f Y 4 as # 3 \ W931 "E n 
” r 
a 
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CASE 9. 


Mis _ and the Angle at the Baſe &ven, to fad the 
a | 


3 Let there be given, 
I 04 240 


DB 5o oo ,\- BA of- Rad is =t04.BD 
a 14 ; © GA 
And-let AB be required. 

BD ?. 50 deg. 10407618. 


Ati co, 53 \ & we _ 
AB s. 61 dee. 39 | 


CAFES. © 
The Baſe and he P erpendicular grven, to-find the Angle at the 
Perpenthenlar. T $ID | 
Let there be given, 
DB $o eo. (s. DY | Ratits, is=to t.co. D 
AB 6x 38 " +1 BA, 


And let D be required. 


B At, 6r dep. 35, C0. ar. 9.73235 

B Dy. 50 & :-;; 9.98425 

D #. co. 67 deg. 32 9:61660 
CASE 11, 


The Baſe and P erpendicular given, to find: the Fhyetenn 
Let there be given in the Triavgle ABD, 


, _—_— = 
The Bufe BA . 61 38(.co DA | Radius, is =t0 5. co. 
The Perpendicular BD 50 oof BA+-5. C0 B D. 
And let D Athe Hypor. be LS | AB 
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AB 7. co. 61 deg. A | 9:67679 
BD -. co. 50 & oof | 9:580806 
; D A Ls C0 72 degs | T | 943435 
CASE 12. 
The Angie at the Perpendicular, and the FARRAR given, to 


fd the Angle at the Bale. 


Let there be given in the THiangle ABD, 


& it 
D 67 32( 9. AD I Radine, is 


DA 72 13> == tots D -4, co. 
Andlet A be re-X A. 
quired, | 
D +. co. 67 deg. 32', co.ar. 0.38349 
DA x. co. 72 deg. 13' 9.48489 A 
At. co. 53 deg. 34 9.86838 
CASE 13. | 
The Andie at the Perpendicular, and the Fiypetenaſe Tiven, zo 
find the Baſe. 
Let there be given, 
D 67 32 s. AB + Radius, is = to 5. DA 
DA 72. 13 Þ+ 5. D. | 
And let A B be required. 
E Ds. 67 deg. 32/ 9.96571. 
DA s. 72 deg. 13/ . 9:97873 
ABs. 61dg. 3 9.94444 


&* \ 
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CASE 14. 


The Angle at the' Perpendicul ar, and the Fypoteniife iven, 1 
find the P erpendicular. *s 


Tet there be glven, . 
1 Apo Rv. + B.4S 
The Aueh at D © 67 32(5.c, Db Radius, is = to td. 
The Hypotemuſe DA 72 13 Ti: F t, DB. | 
And let DB be required. = 


DA t.co. 72 deg. 13', covar. *' . 0.49334 | 
D 5. co. 67 deg. 32'._ + 9:58222 
D B:j.\co. 50 deg. oo Id 07606 


CASE rs. 


The Angles at the Baſe, _ 4 { Perpendicular gfven, to fud the 
 Hypotenuſe. 


In the Triangle Al DB, Let there be given, 


DF: #7 ELD 8 2 (5:00; A ID + Radis, is = to J 0 
A G34. > A 1.c.D 
And kt AD be required. ES 22 i 
2. co. D 67 deg. 32 - OY 019224 
te co. A 53 deg. 34 1  \ 9.868151 
$,co. DA 72 dep, 13/ £0 ; 9.485375 
q.: QASE. £m £ 
Ne "Angles given, to find the Perpenicaar. | 
p py "m. | 
Let Abe 67 32 T. 0. A + road Is = tO S. C0 
| AndDbe 53.34 DB-+..D. 
And let as B be required, 


So C0 
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OIL THEE” NOS 
s, D 67 deg. 32", C0» ar. 0.03428 oY 


s, "Y DB 50 deg. 00! * Me þ 9.80798 


ft 


And theſe be the. ſixteen Caſes of a right angled Spherical Triangle © -' 
They might be'varied ſeveral ways, but this is fufficient.to reſolve any 
thing that (hall be'put3 for. it mult comE under one (of theſe Caſes. I. 
core now - tO. apply theſe Calcs to the-ſolation: of ſeveral Problems in. 


Aſtronomy. 


But before I proceed 'to: their application-in Aſtronomical Problems, 
I will give , you a brief Synopſis of all the. Canons' ( throughout 
all.the ſixteen Caſes of Kight angled Spherical Triangles ;). dt- * 
duced from the Fundamental A X I O. ME :., The Canon, A- 
aalopie, or Proportion, being laid down ( for every-Caſe ) in, 

words at length _ qi: | 


1. The Baſe, and Angle at the Baſegiven ; to find the 
© As Radins, to the. Sine of the Baſe ; , | 
I, Perpendicular. Jo the Tang. of the Angle at the Baſe, to the Tang. 
det 1 42 the Perpendicular. ls Spool 


LE hes As Radius, to Sine Comp. the Baſes. 
4; "s 4 « , 380 Sine Angle at the Baſe, to Comp. Sine Angle at the: 
Perpendicutar. Perpendicuiar. Wn 


Eros, $55 Radine, to-Comp. Sine Angleat the Baſe 5 . | 
3. Hypotenuſe. So.Comp, Tang. Baſe, to Comp. Tang, Hypotennſe. 


' Vl. Zhe Perpendicular, and: Angle at the Baſe given ; to find, 
the 


1; Angle: at the 
Perpendicular, Q Perpendicular. ET 3. 
| .” $As Sine Angle at the.Baſe, to Radius; 
2, Hypotenuſe. 30 Sinc Perpendicular, to Sine Hypotenuſe, 
Baſe $5 Radim, to Comp. Tang, Angle at Baſe 3 
Jo Bj So Tang. Perpendicalar, to Sine of the Baſe. 


Wi, The 


cAs:Comp; Sine Perpendicular, to Radius, 
35s Comp. Sine Angle, at Baſe, to.Sine_ Angle at the. 
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II. 7he Hypotenuſe, aud Angle at - the Baſe given; to find 
"tbe > 


FAs Redims, to Comp. Sine Angle at the Baſe 3 


yy Baſe. So Tang. Hypotenuſe, to Tangent the Baſe: 
2. Perpendicu- 5 As Radius, to Sine Hypotenuſe 3 
lar. So 'Sine Angle-at Baſe, to Sine Perpendicular. 
As Redims, to Comp, Sine Hypotenuſal » 
” # "gle L a = ls Tang, Angle at the Baſe, to Comp. Tang, pat 
RT 7 7 the Perpendicular. 


IV. The Baſe, and Perpendicular given ; to. find the 
| As Radius, to Comp. Sine Perpendicular ; 
t. ay ene $56 Comp. Sine Baſe, to Comp. Sine Hypotenuſs. 


As Radius, to Sine of the Baſe z 


'® "Hugh at poſed Comp. Tang. Perpendicular, to Comp. Tang, Ars 
ple at Baſe. 


V. The Baſe, and Hypotenuſe givey, 70. find the 
As Comp. Sine Baſe, to Radins 3 
; 6 Perpendicular. Io Comp. Sine Hypatenſogt> Comp, Sine Perpendi: 


cular. 


b As Radius, to Tang, the Baſe 3 
2, Angle at 1 0 Comp. Tang. Hypotenuſe, to Comp. Sine Angle at. 


Baſe. Ba ſe. 
3- Angle at Per- FAS Sine Hypotenuſe, to Radius, 
dicular. £SoSine of the Baſe, Sine Angle at the Perpendicular, 


VI. The Angles at the Baſe, and Perpendicular given, to find 
the 
| As Sine "7 at the Perpendicular, to Radius, 


I. Perpendicular. $ Comp. Sine Angle at the Baſe, to Comp. Sine 
Perpendicular. 


As Radiws, to Co. Tan. of Angle at the. Perpendicnlar 3 
2, Hypotenuſs. I Comp. Tang. the Angle at the Baſe, to Sine 
Comps the + RR , 


CHAP: 
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CHAP. XXX. 
The Application of Right An 5 wt Spherical Triangles, 
to ſome Oueftions or Problems in Aſtronomy. 


PrRoB.L 


Latitude 50 deg. oo min. Northerly, Declination Nertherly 
17 os. 47 min. I demand the Suns Amplitude of wh ing or 
Serting, and the difference of Aſcenfion. 


Fig. L. N the Scheme R Bb. S, repreſents the Parallcl of the 
yn Declination ;, B, the Te of the Suns Rifing 3 Bb; 
is the difference of Aſcenſion, equal to B. $o that in the 

Triangle © AB ( right angled at A) we have given the Angleat &, 

the Comnplemcat of the Latitude 40 deg. 00' 3 ( it is- meaſured by the 

Arch DK.) The fide A B the Suns Datlination, to find the difference of 

Aſcenſion A © and B ©. Firlt, for the difference of Aſcenſion. 

This is an Adjacent Extreme, and A © is the middle part. 


r.AS 7 Redine, is = t0#. AB t. co, S. 


t. AB 17 deg. 47' F 950615 
t\co © gOdeg, oo r0,07618. 
3. AB 22 deg. 28' 9.58233 


which converted into time, is x he, 29' 52” ; ſo much the Sun xi- 
'feth before ſix of the Clock. By the knowing p which, {everal things 
will 'befound'3 as, the time of the Suns Riſing 'and Setting, the Length 
of the Day and Night : Forif Iſubſtract the difference of Aſcenſion Fm 
6 of the Clock, it gives me the time of the Suns Riſing3 if I adde it 
' fo 6 ho. it gives me the time of the Suns Setting ( or the length of the 
afternoon 3 ) which doubled, is the Length of the Dey; and that ſub- 
tracted from 24 hours, gres me. the Length of the Night. 


PROB... 
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NS 2 22 0 2 co 
For the Suns Amplitude of Riſing or Setting,” we have givey 
AB the Sunt Declination, 17 degs. 47, 


A'S Bthe Comp, of the Latit{- 40 deg. 69h BA - "gg 's = 
To tind 3*B the Suns Amplitude of Riling. WK _ a h B, 


BA 17deg. 477 9.48489 
5, © 40 deg. OO", co.ar 0.19193 
5. OB 28 deg. 24/ Ra, Te "9.67632 


Thus the Sun rifeth' Eaſt 28 deg. 24' Northetly ; you may ſee it's 
Northerly, by the Scheme. Ken 

| And the Amplitude of the Sups Riſing is very uſcful at Sea, to find 
"the Variation of the Compaſſ : tor {o much as the Sun riſeth by the Com- © 
| paſs to the Northwards, or Eaſtwards of this true. Amplitzde of the 
- Sun, {ſo much is the Variation of the Compaſs; and you mult re&itie 
your Courſe accordingly. Sapaaopeigdeed of wa | 


*Now this little Triangle, ( if you mind it ). is made. of the Com- 
plements of that Triangle BD E, which I'wrought the Caſes by ; and 
if you ſubſiract the things found in this, from thoſe Arches to 90 deg, 
you'll find the remainder S to be the ſides of thatz as in the Scheme, 
E D is the Poles Elevation, D K'is the meaſure of the Angle at S, and 
is the Cotnplement of the Poles Elevation. - 7 
_ - BE Diis the hour from midnight to the Suns riſing, K A is the mea- 
ſare of that Angle, whole Complement to 90 deg. is A ©, the diffe- 
xence of Aſcenſion, or the time between ſix of the Clock and the Suns 

rilmg. - | 
Tn DB is the Suns Azimuth from the North, B S& is the Suns Amplitude 
of riſing, and*the Complement of that'z, the Angles at B in cach Trian- 
_ glearecqual; EBis the Complement of the Suns. Declination 3 BA is 
the. Complement of that { namicly, the Suns Declination.) 

I made uſe of the Angle BED to lay down the Cales, becauſe it's 

more viſible, and ſo ſheweth more plainly than any other Triaogle in 

the Sphere. 1 ſuppoſe my Father made uſe of that Triangle for that 
reaſon, and for the fake of the other Angles that depend upcn it. - © 


PROB, 


Que Queſtions ind frronom y. 


" » IR 
& *® ff - * 

* . 

&* 


Pros. II.- 


[Latitude 50 deg. oo min. rene au-af Declination Nirtherh 
17 deg. 47 min. /demand the Suns height at 6 a Clock. 


7.6 O is an Azimuth interſeing the Horizon, aid: cutting the Pa- 
rallcl of Declination, i in the place where the Sun is at ſix of the Clock ; 
ſo that O 6 is the Suns height at ſix a Clock : and * find it,we have - 
in the little Triavgle 6 © Q the Angle at the center © , the Poles Ele- 
vation. It's meaſured by the Arch ED 50 deg. oo 

* » The Suns Declination © 6 17 deg. 47' 

Ie s an Oppo te Extreme, and O 6 is the midale part. 


5,6 © OL _ is =tos- © 66 O. A 


5.8 6 17 deg. 47” . .. 9.48489 
6 © O 50 deg; o& 9.88425 
5. 60 13 deg. 32 | 936914 | 


Let the Latitude be the Ang leQG& 6 - 5odes. 00” 
The S#ns Declination be &' 5 ol 22 I7 degs 47" '. 
And let the Suns Azimuth be required O & = to 6 Þ 


.co. © O 4 Radins, IS = tO &+ £0. S& 6 hs t. C0. 60. 


£ 't. co. & 6.17 deg. 47, C0. ar -  , 9.50615 _ 
7.0.60 0 50 deg. 00! ':, 5 OL -9-98425 .. fa : # 
£00 14deg. 14 9.39040 _ A 
PRoB. IV. 


Latitude Northerly 50 deg. oo 'min. Deelfation Northerh 
' 17 deg.*47 min. 1 demand the Suns drighd, being' ae __ 
or Welt. 


Et EX C be a "i cutting the Eaft aa Weſt Azimmth in 
the place whete the Sun is when he is over the Eaft point of the 
Rel ts (.-which- is at X-) Then in the little Triangle i _ 

( right angled at C,) you have the.Latitude given X'& C'50 deg; 
E-\ meaſured by the Arch ZP the Latitude, or EguinoCtials dance Rc 
M m ng 


h . p & 4 vm - 
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the Zenith) and XC the Swns Declination to find XY &, the 
| height being over the Eaſt poirtt of the Aorizon. | 


s.CX + Radiw, is =w3.R 3 43, Rb QC, 


Sun 


5.X FC 50 deg. 00', cy. ar, 0.11574. 

$,..X'C* 17 deg. 47 9.48489 

r.X © 23 deg. 30' 9.60063 
PROB. V. = | 


Latitude 50 deg. oo min. -Northerly', Declination N ortherl 
17 deg. 47 min. T demand the time of the Suns being due 
BF. #7 | 


N the Triangle.X C 5 let CD X be the Latitude 50deg. oof 
And let CR betthe Suns Declination 17 deg. 40' required C'S = 


i. © C + Rodin, is=to t.co, © 4 t,XC. 
t,'CX 17 deg. 47' 9.50615 
t.X'BC 50 deg, of f0.07618 
5. © C 22 deg. 28 = 9.58233 


| And this 22 deg. 28' converted into time, is 1 bo. 29' 52”; which 
(in this Cafe) added to fix honrs, gives ithe time of the Suns being 
due Eaſt, namely 7 bo. 29' 52". | | 


'PROB. VI. 


- Latitude 50deg. oo min. Northerly , Declination Northerly 

- £7 deg. 47m. 7 demand the Suns place is the Eclipiick, 

© allowing 'his greateſt Declination to be 2.3 deg. 30 min. 
April the 3oth 1690. EIN” 


'N: this Caſe we have no-need of knowing, the Latitude, for the find- 
ing the Suns place 3 .but in the Triangle © 'ba (right angled at 9) 

we have given, © Studs. + I : 

b © a the Suns: greateſt Neclination 23 deg. 3o' 

bis the preſent Declination _ 17 deg.-49/ 

And GS b js required ( the Suns placein the Ecliptick.) 


( 
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fb a 17 deg. 47' 9.48439 
4. Eb. 23 deg. 30', co. are 039930 - 
1.45 qodeg. 59 988419 


. Now this 49 deg, 59 divide by 30 deg. 2-4 it gives me the degree 
of the Sine the Sun is in, becauſe zo degrees is one Sine, 

_ Tind'it cones to I9 deg. 59 owe one Sine 3 fo that he mult be 
in 19 deg. 5g of ©, 


PROB. 'VIL 


The Suns greateft Peclination is 23 deg. 30 min. awd let the 
Suns preſent Declination be 17 deg. 47 min. 7 demand bis 
* right Aſcenſion, April the 3oth 1690, 


In the Triangle © b a we haye given, . 


ba I7 deg.. 47 
bþbO ga 23 dep 5a Roo: Rodin 15—= to d Fea Sf to bo. 
And © g is required | 


t. ba 17 deg. 47 5.63830 

#. co. 5 23 deg. 30' | 19.50615 

1.40 47 deg. 28/ FOE 986785 
PRoB., VIIL 


Let the greateſt Declination be ( a before ) 23 deg. 30 min. 
and the Suns place inthe Ecliptick be 49 * 5 9 min. 7 de- 
; mand bis al ut Declination. 


Wl the ſame Triavgke Y bais given, 


required , 3; © 20 >. 4 b + Rai, is = tO fe b & +7. EO, 


_ D6clination. 


Mm 2 "3-1 


be. 4. 
TRE. 2.7 
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Oneſtions in Aftronomy.' 
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5s. © b 49 deg. 59'. Vs 9.88414 
a 5b 23 deg. z0' ROTSey 


ab 17dg ad | 948483 


PROB. IX. 


Latitude Northerly 50 deg.. oo min. Declination Northerh 


x7 deg. 47 min. .7 demand the continuance of Ti wi-light, 


T's the Opinion of all men, that when the Sun is 18 degrees under 
the Horizon, the day breaks. Admit it ſo here; and let L 18 he 
a Parallel 18 degrees below:the'Horizonz Z e is a great Circle or A. 
zimuth intexſcCting;the Parallel of 18 degrees in the point e : So that 
in.\the. xight. angled. Triangle G e n ( right' angled at n) we hive 
given, - A En lt RW 
en 18 deg. oo Y' Ks MOVE \6 14 
e © 140 deg. ood en+ Radins, is=tosJ,e VS 1 + 7. 
to finde © 7 T8 al” 


" | 
' £eOns, 40 deg. 00, co. ar. OI. ::: 
o 2.5.29 deg. 45/ : _ .  9-68191 


And this 26 deg. 59' converted into time, is © 1 bo. 48 neareſt the 
continuance of Twi-light. OO IE 

| Note, That QB is the continuance of Twi-light, but it is-<qual to 
© a, here found. a 


To find the time of Day breaking, © 
E'll give the ſame Latitude and Declination as before, and find 


y y by it the continuance of Twi-light ( as we have done before) 
to be 1 bo. 48' 3 | this ſubſtraQted+ from the time: of the Suns: riſing, 


. which was, found before to be 4 ho. 30' 08”, leaves the. time of day 
| breaking 2 bo. 42 +73 or if you adde it to the time of the Suns ſetting, 


it giyes the time of Twi-light ending 09 ho. 17. C_ 
; Fe, ” PROB. | 
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PRO p. x1. k 


Wy $5} the length, of the Longeſt day in any 4a beads, 


Fs 50 deg, oO MIN. Northerly, Declination Northerly 
2.3 deg. . 30 min. T7 7 Ov Fe doc f he Tm = in 
-1that Latitude..." yr | 9790 98 
GB 14 13:1 MOIST . | Df 
Fig. IL Jeon "_ the Longeſt ay. 1n the year i in thy North 
| Latitude, is'when the Sun is in the Tropick of Cancer 3 and 
that's the reaſon that I give the greateſt Decliration Northerly, which 
is upon the 1oth of zune ; fo then in the Scheme Fig, IT. PAB isa 
' Meridian; cutting the )HorizonJin/that place where” the Sun riſeth, 
namely at Az and in the Rs vote oy " LO ngled: at Bebe we. 
have __C Ws, 6 Lal; 


o C F 


2:78 i; 


a (y 


"AB the Stins nt Dedlination 23 as » $6 
B Y A the Complement of the Latitude 40 deg, OO 
To find BY (= to'Ab) chedifference of noo day. - 


1 
*M Ra Radine, is =to BA ob t, "Y B. Y.A. 
t.BA 23 deg. 30 5 . . 9463930 
ta BY A 40dg. of © © 0.07618 

BY 9H deg.. wy Ky "971448": 

"This 31 deg. 13 / converted into time, is 2 2 bod veky 5; 3 which 
added to 6 hours, gives the TIE of the Forenoon ho. min. - 
BO= toAL. WY "08 . O$ 
Which doubled, makes the length of the day: { 345.1 25] 26117 2© 
— wy { - 24 IS | . : , 
I  Pxos NIL 


\ To 0 find the length of the Shirt Noghti oj 117] 


T7 the length of the longeſt day, as bekire, and ſubſiract that from 
24 run, and it giyes the ſhorteſt Night, It's here 7 ho. 5o' 


PROP, 


Pro Tas 


Latitude 50 deg, 00 nin. N orther, ,  Declination Northerly 
I7 dep. 47 r&tin.” T's nd rhe ugh OE ſhore day in 
that Larimuaee 


Know che length of the ſhorteſt Fw is = to the lengghioff the'fhor. 
teſt night, and that was done in the lalt Problems 3 but admit it was 
not. Pager > inthe Schemie PF Dis: a Meridian, eatting;the Sun at his 
riſin ng when he is in the Tropich, of Capricorn-( namely at D ) and in 


the Triangle DF = (right angled at AL) you have: given, 


D = A, the Complement of the Latitude (whos meaſure isOK 
"40 degi. 0d 
F Dthe Suns Declination Southerly 2 3 deg. 30' | 
And = F ( which is=to 6 D) is required, the difference of AL- 
cenfion that days 


5.2 K+ Radiws,is-= tO tc. D SF + FD. 
i. AD 23 deg. 3o' . 9.63830 
ES 14.c0- DS X 40 deg; oo It xm 0.07818: 
: So = X 31 deg. 13". | SF ; - 971448 


This convented into time, and cubfratied from 6 ours, alata the 
length of the Forenoon 3 whict doubled, is 5X abeve_er 0. the ſhortck 
A DET: > aj 2th JN.” 


| "nine 
AO is=to D b, the length of the Forenoon. TRIP you Y be, oo! 


may (ce that is not 6 hours by FS 3 rt ſubſtra&'>” 
= £#@* fromit, 


| And it leaves the length of the F orenoon : 5 _ Hs 
. ; - 


Which doubled, is the length of the day. 
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£07 deg, A7 Dun. 1 demand the Says Arplituds ; of Rifing, 


F 1g. 0] the Scheme Fig.IlI. in theTriangle CR = right angled 
Be Lat Bwebaregine), 


, " 


. 


Apd the Amplitude of the Suns Riſg © C is xe- 


THeave the operation.of it to yanr awp praftice. -. 


TT PROB. XV. 
Latitude ' Northerly 50:deg.. 00 min. Declingtion Southerly 
17 deg. 47min. demand the difference of Aſcenſion. 


N the fame Triangle C R_:,- we have given R. Che Suns Declinge 
tian, and R : C the:-Complement of the Poles Elevation, to find - 
=R—to'C Ss, the difference af Aſcenfian. If it wexe wrought, it - 
would be 22 deg. 28', or 1 ho. 30' ( neaxeſt) and (o' miuch the'Sun 
nileth-after 6 of. the Clock ESI | 

| Therefore that ſubſiraed from: 6 hours, leaves the length of the 
<q RM = toCB; which doubled, is the length of the . 

ay 5 
That ſubtracted from 24 hours, is thelength of the night. 

The diffexence of Aſcentian (in this caſe) added to 6 hours, gives - 
the time of the Suns riſing, becauſe *tis after 6 of the Clock, | 

The ſame difference of Aſcenſion ſubſtracted from' 6 hours, gives the 
time of the Suns ſetring. 

The Suns/Azimuth at 6-of the Clock is-6:b, == t0' 4 2, and in the 
Triavgle 4 = 6, right angled at 4, we have given-6 & 4-the Latitude, 
and = 6 the Declination, to find 4 Sz I leave the operation of it to 
your own practice. 


PROBE. 


Latitude 50 degrees Northerly,) Declination Southerly 1 7 deg. 
47 min. 7 demand" the Suns place ant Right Afcenſion, No. 
| vember, 1684. ER 9 3 


. m_— x 
4? ws 


HL ch 


o 

” þy 
4 % 
y 
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QIISHS F 4 SO OEETT 1 Of; f,817; $11 s. . 3 iGo {13 4 $3! " View 
IS Suns place in the Ecliptick-ts in:the 'Southern'Signes, becauſe 
& his Declination is Southerly, itis © =; and in the Triangle 
= W ©, right angled at V/, .you have the Sans greateſt Declination 
.. given, © ® W'23 deg. 30', and his preſent Declination © W 17 deg, 
47' , whereby you find the Right Aſcenſion in the Southern Signes, as 
_ . before you did'the fame things iri the Northern Signes. FLY: 
The Suns Right Aſcenſion is WS, in the ſaine Triangle, andis ' 
found with the ſame*giventhings that his place'is/ 5597 37! 3702 1 


PROB. XV LH. 


Latitude 50 degrees N ortherly,, Declination Southerly I7 deg}. 


47 min."'F. demand the'time of the:Suns being due Eaſt. 


'N. this cale the'Siin is under the Horizon, when he paſſeth the Faf 
L. point. of it, as at? : ſo that 26 is found in the' Triangle 2X 7, 
it. being =toX; and 'we have rX, and? X given, to find it : 
When it is found, ſubftra&t itfrom 6 of the Clock, and you have your 
Fed ty HOPS it to, 6 hours, and it gives you'the time of the Suns being 
aye VC Ye COPIOTT-T2. HOT BIRIS INST, 7 51 178 Shae 
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jms PROB/UXVIIL, 
Latitude aud Declination' being as before, I demand the conti- 


% 


mancef Toit 


of a Is þ 


"He ':continuance of \Twi- light 15:4. 3:1 {6 that in the Triangle 


Im =, right angled at, mw, we have given, 


I = wm. the Complement of the Poles 


Elevation 3 |  (CAnd/® is required : It's 1 ho; 


And 1 m, the Suns depreſſion below 4.8' 
qthe:; Horizon, | 
|  PROB. 
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PRroB. XIX. 
| Latitude and Declination as before, F4 demand the time f Day 
breaking, and Twi-light ending. 


- Wehave before found the time of the Suns riſing to be 7 ho.zo' 
"From which ſubſiraR, the continuance of « be. 48' 
Twi-light ( but now found ) x 


The Remainder i is the time of the Days breaking 5 be. 42 


For Twi-light ending ; add the continuance of Twi-light, to the 
me of the Suns ſetting, and you have it ( for as much as the Sun 
jives* Light before he riſeth ) ſo much it will be after he ſets, before 


Ft loſe his light, 


PROB. XX. 
Latitude Southerly, 50 deg. 00 min. Declination Southerly 17 
deg. 47 min. / armged the Suns LIFE of Rifing and 
- vetting. ' © 


Fjo, TV..T He Suns Amplitude of Riſing and Setting, is :2 B, and 
S F you have in the Triangle BA &, BA the Suns De- 


clination given, A = B the complement of the Latitude : z to find B a, 
I will only ſhew how thivgs lie in the Scheme,and leave the praQtice of 


| it to the Learner : : Bi is Þ required. - 


PROB. XXI . 
' To find the Suns heoght at $7 ix y Fhe c lock , HAV the ſane 
things. given. | tags wo. 


ws blake a2. the boar of 6; a Os, Fw it falls in A right 
angled Triangle © =OQ6, wherein you have given Q = þ the La- 
titude and = 6 5 the ys Declination | z to find 6, | 


a+ oy 

: > i 0 #4 dg: PI , 

my =” 4 vs l " 4 andud* v9 rm 2h... at co NY \ By . - " p 

"pom a. i ADIBOR ot E- ns * "3 , RITES WE 7 $a: I \ 6 > pe % 
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Oneftions is Aſtronomy. 


. AT PrRoOB. XXII. 
| To find the Suns Azimuth at Six a clock. 


"He Suns Azimuth at fix of the Clock is 6 S==t0 RO = , {o that 
in the right angled Triangle 6 O =, you have the Suns Decline 
tion and the Latitude piyen, to Os he Azimuth at 6 a clock. 


 PROB. XXII 
To find the Suns height being due Eaſt or Weſt. 


He Suns height when he/is over the Eaſt) point of the Compals, 

R =, and in the Triangle R 26 ( Nohe angled at b ) you 

have b = R the Latitude, and R b the Suns Declination given , to find 
the Suns height Ct Eaft or Weſt = R. 


To find the Suns place in the Ecliptick. 
FH place in the Ediptick is =:.M.,, and you have the preſent Dedi- 
'v 


nation M L given.and the greateſt Hlgaſion M =: h_ find the 
Suns He; in the are 


? Pros. .X XY: | 
b— 7, The Suns right Aſcention is ® L 7n the ſams 7 riangle given, t to 
b find the diffevence of Afcention. 


THe difference of Aſcention is\B'6 = to' A, and-in the Tiian: 
$ gleBAm youhave the Suns Declination and theGomplement 
of.che Latitude giyen to find it, 


'PRoOB. XXVI _ 
For the length of the Day and Nzghe. 


j | Da the differences of Aſcention to 6 hours and double it, and you 
| A. have the levgth of the Day, and that ſubſtracted from 24 hours 
gives the length of the Night. 4 PROB. 


PRoB. XXVII. 
For the time of the Suns Rifing and Setting. 


Allbſtract the difference of Aſcention 6 Bfrom 6 hours, and the rc- 
mainder is the time of the Suns Riſing ; add it to 6 hours and it 
pives the time of the Suns ſetting. 


P'R0B, XXVIII, 
To find the time of the Sans being due. Eaſt. 


He time of the Suns being. due Eaſt is meaſured from 6 to Y,=to 

b a,and is found in the right angled Triangle =: þ R,add it to 6 
Wrs C after it is converted into time ) and you have your deſire : 
ſubſira& it from 6 hours and it gives the time of the Suns being duc 
| Welt. | 


PROB. x Q! X. 
he the _ of the longeſt Day in the year. 


7 Ou mult conceive the Sun to be in the Tropick of Capricorn , be+ 
cauſe you are in a South Latitude; and i ith is found by the diffe- , 
rence of Aſcention that day, as the longeſt day was Band | in a North 

Latitude. 

© The fhorteſt day is the Complement of the longeſt day in that La- 
titude to 24 hours,==to which is the lhorteſt . or the ſhorteſi Day. 


PROB. XXX. 
The continuance of Twi light. 
TiBN,=to © =, and you have e W 18 deg. and ex W, the 


Complement of the Latitude given, in the me angled Triangle 
AW © to find it. 
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PROB. XXXI1, 
For the time of Day breaking, 


eee the continuance of Twi-light from the time of the OOTY 
ſing { before found.) and you ane! its: +4 
"Ala the continuance of Twi-light, to.the time of the Suns cettina cd 
fore found) and you have thE'time of Twi-light ending. Thus muchfi 
rigs angled Spherical Triangles. 


CHAP. XXXI. 
The Do&trine of Oblique Spherical Triangles. 


Or the Reſolution of the firſt two Caſes of an Oblique. 
SR THOngh, Oe this for : an I Rule, | 


Tha the Sine _ every Angle of as pheriea Triangle 5 7 - arviditional to th : 


Sine of bis oppoſite fide, or, The Si ine of every f fide, is A. to the 
Sine of bu oppoſite Angle. 


So that the work is as cafie ( for theſe' two 6ſt Caſes ) as for the 
fame Caſes in right lined Oblique Triangles 1 3. therefore I need ny 0 no 
more, but come to the Caſes- | , 


F 


CASE. 
Two fides of an Oblique Spherical Triangle; with an Angle op- 


fofite to one of them g7ven, to Ld the gu oppefre ze to the 
oh jon 


Ami ( in the Scheme following ) that FUR haſ given "the An- 

le E L P, which repreſents the Suns Azimuth from the North | 
PE 4 45 the Complement of the Latitude P £ 40 deg. oo" the 
Complement of the Suns Declination E P 72 deg. 13', and it were re- 
Jane to hind Z EP the ARNE of the Suns Poſition, _' ; 3 
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The Do&rine of Oblique Spherical Triangles, 57 


nr 4 


I ay then; 


ASEP 5.72 deg. 13' C0» ar. | 0.02126: 
Is toE ZP (its Comp.to 180 deg. E Z O) 55 deg. 1 5” 9491468 


% 


So is LP 5. 40 deg. Ss 9.80806 
ToZEP*. 33 deg. 41" 9.74400 


*'OASE x 


Two Angles, and a fide oppoſite to. one of them givey, +0 find the 
fide oppoſite to the other Angle. FS ji I'2 


'Inthe ſame Triangle let their be given 
"1 A 0-00 -ooteritn + 
33 deg. 41' > And let EP be required. 
O ZE 55 dep. 15') © ; 


". SR. oh, 
Ass.ZEP 33 deg. ar. =: -” 0:2460Þ 
| Tos. ZP 40 deg. 00 9.80806 
 $s.EZO TÞ 80 wo 9.91465 


To. EP _-- 72. 25 9.97872 


The reaſon of this is plain 3. for if you let fall the Perpendicu 

from the obtuſe Angle Z, it devides the Triangle into hos right pe. 
Triavgles, namely ZBPandZBE)} I ſay then, that ZB and Radius 
is equal to the s. co. of ZÞ and Þ; becauſe the Perpendicular is the 
middle part; and it is an oppoſite Extreme (in.the Triangle Z BP ) 
and this is proved by the firſt General Axiome, That the Sine of the mid-. 
dle part with Radius , is =to the Sine Complement of the oppoſite. Ex... 
gremes. | 
Now-the ſame Perpendicular and Radius in the Triangle Z BE is =: 
toZPandP, and 2! rms allo =to ZE and E. for wet "halo 
polite Extreme alſo, and in both the Perpendicular is the middle part 
and ſo put with Radiws3 ſo that from hence it's evident that 
ZPandP,is=toZE and E ( the two Extremes in one. to 
the two Extreams in the other ) and therefore theyMre 


proportional. | : — So. 
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So that as ZP the Hypotenuyſein the one 
I; to ZE the Hypotenuſe i the other, 
So is P the Angle at the Baſe in the one 
To E the Ange at the Baſe in the other. 
At this rate then, if in,onc Triangle ( right angled ) you have gi. 
ven any things to fhnd the Perpendicular 5 call them as you w: uld do 
_ te find that; when you put them in reſpondengy as here if you have 
ven | 
» ZP and P, tofind the Perpendicular Z B, you would {ay 
5. LB + Radigs, is = to 5. ZPÞ+ x5, P., 
Why then when you put things in xeſpondency, I would ſay, 
As 3. ZP is in proportion tos. ZE. The like is to be underſtood 
So is 7. Z P E in proportion to 9, ZEBF of any other. 

To avoid three Operations, we ſhall uſe this way through eight Ca- 
ſes of an Oblique Triangle, and only point at the way of work- 
ing by right angled Triangles (after the Angle is reduced to two 
right Angles. ) f 


A general Scheme ' for Latitude 5o deg. 00 min. Northerly, 


LI 


 Declination Northerly 17 deg. 47 min. 
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My intent is to uſe che Triangle E Z P forthe refolvitig all the Ca- 
ſes of an Oblique Spherical Triangle 3 in which Z Þ is the Comple- 


- ment of the Poles Elevation, Z E is the Complement of the Suns Al- © 


titude, E Z P is the Suns Azimuth frotithe North; Z E Þ is the Sans 
Angle of Polition, E P is the Complement of the Suns Declination, 


EP Z is the hour from, Noon. 


Of the eight Caſes of an Oblique Spherical Trian- 
gle, and how to reſolve them either at two or 
three Operations (which you: pleaſe.) 


£ By letting fall.a\Perpondiciilar frbm-any- fideof a Triangle, you di- 
vide it into two Right Angles 3 and to do it for your advantage in 


working, pray obſerve this Caution : 


Let it fall ſo, that in one of the Right Angles Triangles, you may bave two 
of the given things entire, and the third ( as often as you can). entire in 
the other. or"elſe be ſure they be part in one, ahd-pait is the other. 


TOES CASE 3. 
Two Sides and the contained Angle given, to find the other 
Angles. PRIN. os 


: the Triangle AR'G ( repreſented in the Scheme preceding, by 
EZP) let there be given, q TY 


Li wy py - . : 4 Wo let it be required to/find the An- 


The Angle at A 42 deg. 27 | gles G and R. 
Let fall the Perpendicular - R. 


RI within the Triangle, from 3 
the Obtaſe Angle at xl and _—_ 3» 

it reſolves the Oblique Trian- CO — — 
OR A in two Bll Le om RR 


Angles, namely; G I R, and G 
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In the right angled. Triangle AIR, I have given, _ 
- The Angleat A 42 27(s.R1 + Radims, is =tosr, RAS | 
The fide AR 40: 00C 5. Aer | Wovis 

To find the Perpendicular 1 R. -; > 


I s,R A 40 deg. oof 9.80806 ol INE 
4 | 5. A 42 deg. 277 9.829266 Ihe Perpendicular R I then is 
" 'S OO | — = | : 2 5 deg. 43 £ | ; 


5. IR 25 deg. 43 963732 


_ Next PII find I A, with the ſame things given. | 
A... 43 ax. 27 
SAR 40 deg. oof 

Required I A. 


1; co; A Radim, =t;ATt.coAR 


t.co. AR 40 deg, oo', —_ 9.9238r - 
s.co. A 42 deg 27 986797 


Which ſubſiracted from A G 72 deg, 13' 
Leaves I G | 4:0 deg? 27/ 


Laſtly, For the Angle at G. 
(RI 25 deg. 43') 

& i 1... Quid G...:.- 
- CGI 40 deg, 27 ): PT, 


t.IR 25 deg. 43', co. or. 0.31729 
4 IG 40deg. 277,  _ . - 9.81210 


#. C0. G 36 deg. 35 | Th A: | > 1012939" * 


And thus the Angle at G is found to be 36 deg. 35" ( neareſt ). by 

_ reſolving the Triangle into two Right Angles, and working by the 
General Axiome. But there is a nearer way ( as I have hinted,? and 
laid down the proportion before ) : for when have found Al; and 
ſo I G, which ſhould have been the firſt things found ( for in this caſe 
of reſpondency we do not find the Perpendicular at allz ) but $36 
| | | | 1dET 


OT Het FCA 


® 
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fider what. I ſhall call A, and AI, in the right angled Triangle AIR) 
to find the Perpendicular R I, and the fame I will call them, to put 
them in reſpondency with I G and G, the Baſe and Angle at the Baſe in 
the Triangle RIG  : | | 


(Al IF | 
 Data.sA N IA+Radiw, is= tot. co, AJ- t.1R, 
008 RD T T 
FIl fay then, | 

As s. 1 A the Arch found 31 deg. 46', co.ar, 0.27863 
Is to F. I G the ſecond Arch 40 deg. 27' | 9.81210 
So is t« co. A 42 deg, 27) 10.03870 
To ft. co. G - 36 deg. 35 | 10.1 2943 


Thus the Angle G is found at two Operations but we ſhall touch * 
at both ways, for ſome will like one of theſe ways, and ſome the other, 


Example 2. To find the Angle at R, 


Admit we have given, as before, 


> And let G R A be required, 


The fide AR 40 deg. 00' 

The Angle at A 42 dep. 27' 6 

The fide AG 72 deg. 13') 

In this caſe, *tis the belt way 'T R_ 
' to let fall' the Perpendicular fs | 


without the Triangle (as Gl is) 


for then you have the Oblique #7 T 0 
Triavgle reduced into two A— i. 
Right Angles, namely GIR G- 

and GI A, both right angled A 
at I. 


And in the Triangle GIA, we have given AG 72 deg. 13/ 
And the Angie at A 42 deg, 27" 
Whereby we may tind the Arch A I. 


$, C0. A =_ Radius, i5—tot. A | + t. co. A G. 
| Oo 
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t. co AG 72 deg. I3', C0. are 0.49384 
co, A 42 deg. 27 9.56797 
t Al 66 deg. 30 Or 10.36191 
If from A Inow found 66 deg. 30 
| You fublira&t AR 40 deg. oo" 
The remainder is R I 26 deg. zo 


This done, conſider which will be the reſpondent things to find the 
Angle GR I; and I find that I have Al the Baſe in the Triangle 
G 1A, and the Baſe I R in the little Triangle GT R. Allo the Angle 
at the Baſe in the great Triangle (namely A ) reſpondent'to the Angle 
at the Baſe in the little Triangle G R I. 
what we (hall call AT, and the Angle at A ( in the great Triangle ) 
to find the Perpendicular and I will call thera fo, to put them in 


reſpondenſes. 


| Secondly. 
AT Au 
= Deed N IA + Radivs, is = to t.co Ao t. IG, 
UM GI | 
As s.TA 66 deg. 3O' C0. ar. 0.03760 | 
Is tos, RI 26 deg. 30 9.64952 
So is t, co, A 42 deg. 27/ 003870 
Tot. co. GRI 61 deg. 59 
Thus the Angle GRI is 659 O© 
Whoſe Complement to 180 Oo 
Is GR A the Angle required 118 01 


But if in the ſecond place you had found the Perpendicular, then 
in the Triangle GR I we ſhould have had the Perpendicular I G 
given, and the Baſe I R. ( before found ) whereby we may find the 
Angle GR I. 


So that now we'll confider 


9.72582 


Examptk 
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Example : Firſt, for the Perpendicular GT. 


s, Al 66 deg,*30/ 9.90239 
t, co. A 42 deg. 27" C0 ar, _ 949612 9 
t. IG 39 deg, 59' 9 92368 


Secondly, for the Angle GRI, 


CGI 39 deg. 59 : 
Dad [ - 20 F4 Zo 7: RI + Radius,is = to8.co.GRT-1.G1 
CRequired G R I 


:.Gl 39 deg, 59” C0. ar. 0.07 644 
s,RI 26 deg. 30 | 9.64952 
t.co. GRI 61 deg. 59 9.72596 


In the like manner it will fall out, that you may reſolve ( as I faid 
before ) all the Cafes but two ( both of right angled and oblique an- 
pled Triangles ) by that one General Axiome. 

The Sine of the middle part with Radius, &c. 

I intend onely to point at the refolving the Caſes at Operations 3 

and to do them onely at two. 


CASE 4. 


Two Sides and their contained Angle given, to Jo the third 
Ode. 


In the mats RA, let there be given as $ before. 


R A 40 deg. 
AC - 79 F44 I3 13/6 An let the fide R G be required. 
A 42 deg. 27') 


F'Il let fall the Perpendicular from the Angle at R within the Trian- 
ple, and it falls upon the ſide G A at I, and divides the Triangle into 
the two right anglcd Triangles AIR and GIR; and we have given 
in the Triangle Al R ( Triangle 1, ) 


Oo 2 
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The fide AR 40 deg. 00' L ? 
The Angle A 42 deg. 27' And " the Arch Al be required. 


JS, C0s A+ Radim. is = tO ts £0: AR —+- f, Al. 


RArt.co, 40d. 00' co.ar, 9.92381 
AB AS. co, 42 d, 27' 9.86797 


Alt. 314, 46' 9.79178 


From AG 72 dep. 13/ 
A Subfiract AI 31 deg. 46" 


The remain. is G I 40 deg. 27/ 


[ conſider now, that I A the Baſe in the Triangle TA R is reſpon- 
dent to I G, the Baſe in the Triangle GIR)} and that R A is reſpon- 
dent toGR the thing required : and therefore conſider what I ſhould 
call AR and I A, to tind the Perpendicular, and will call them (o to put 
them in reſpondency. 


As $. co. T A co. ar. 31 dege 46' 0,07047 
A Be To $.co.l G 40 deg. 27' 9.88136 
_ Therefore &'So 5s. co. AR 40 dep. 00' 9.88425 


Toa RG 46 dg. 43” - 983668. 


But inſtead of working of it in reſpondency, we might have found 

- the Perpendicular in the ſecond place; and then we had IR and I G 
in the Triangle GIR, to have found GR (in the third place: ) 
but the working things in reſpondency is better.. 


Example 2, 
Admit there be given (in Triangle the ſecond } 
\ deg. min. ; 
KA... | | 40 ool And let it be required 


_ ThefideRG 46 43( to find the fide GA. . 
The Angle at R, namely GRA 118 oo | 


In 
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In this caſe I let fall the Perpendicular either from G or A without 
the Triangle, as in this ſecond Triangle, and then in the 1ight angled 
Triavgle GI R,I have given, 


GR 46 deg. 43" | | 
GRI 62 deg. oc © Where I may find the Arch I R, 
(The Comp. of GR A to 180 4.) 


5.00, R + Radics, is=to t.co. GR +1. RI. 


t.co.G R 46 4.43' co.ar. 0.026039 
5.co, IR G 62 4, 00! g$.671609 
— 


t, RI264.30 _ 9.697648 


To R A 40d. 00' ; 
If you adde the ArchR 1 26 4.30 


The fam is 1 RA 664.30 


A. 


[ conſider now. that R I'the. Baſe in. the little Triavgle G1 R; is. 
given me» and its reſpondent is AR I the Baſe in the great Triangle 
GIA, ( which is given me too) alſo G R is given me in the little 
' Triangle ( it's the Hypotenuſe ) and reſpondent to G A the Hypote-. 
nuſe in the greater Triangle, and the thing: required : and therefore I 
confider,what 1 ſhould call I R and R G, to find the Perpendicnlar 3 
and ſo I call them to put them in reſpondency. 


. As F.co. IR - 26g. 30! car. 0.04820 
5.00, R GY \Is to 5. co. TA 66 deg. 30 9.60069 
$Therdor So is 1. co. GR. 46 deg. 43" 9.83607 - 
So C0o I R ny | 


To s,co GA 72 deg. 13' required 9.48496 


But it you had found 'the 
Perpendicular ( in the ſecond 
place ) then inthe third place 
you would have had I A,. and. 
IG, tohave found the fide re- 
quired G A, in the great Tri-. 
avgle GIA. 

In this caſe you might have G 
let fall the Perpendicular, as here in this third Triangle, from the Angle 

| | at. 
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at A, and ſo you would have had AR and AR II { the Complement 
of GR A to 180 deg.) to have found RI ( the Baſe in the little 


Triavgle RIA) that found, you have it, and RA reſpondents to 


he and A G in the great Triangle, which would have done the ſame 
t mg, | 


CASE 5. 


Two Sides, with an Angle oppoſite to one of them, given, to find 
the Angle between them. 


Let there be given in the Triangle 3. 


wo eG A ” = a And let it be required to find the A41- 


The Angle at G 36 deg. 35 gle at A, 


Tf you let fall the Perpendicular without the Triangle ( as here in 


the third Triangle ) chen you have given in the Triangle G IA (right 
avgled at I ) Fn, 


The fide GA 72 deg. 13" 
The Angle at G 36 deg. 52,  Whereby we may find the Angle G AT. 


5. co. G A+ Radius, is =to t.co, Gþ t.co. GA T. 


Cr tf. 0. 36 deg. 3 6' C0s Als 9.8707 9 
GA v. co. 72 deg. 13/ 9.45489 
GAlt.c. 77 deg. 14 9.35568 

I conſider now, that GA in 

___— the great Triangle is reſpon- 

Rt % dentto A R in the little Tri- 


angle ( being both the Hypo- 
tenuſes) and G A1 in the 
oreat Triangle is reſpondent to 

| = RAI in the little onc. fee 
&.-_- then what I ſhould call G A 
and G AI to find the Perpendicular AI 3 and the fame I call them, to 
put them in reſpondency. 


ff © 
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ASt. co GA 72 deg. 13' comr, 0.49384 


5.co, GAI Is to t.co. AR 40 deg. o0' 0.07618 
© Therefore So 5.co. GAIL 77 deg. 14 9.34435 

tf, C0o G A Pa bs eB 
To scRAIT 34 dep. 47 9.91437 
From G Al 77 deg. 14') By reaſon of the neglect of the fra- 


"ag 


Subſiract R Al 34 deg. 47 tions of a minute in cach fide 
———{({ and Avgle, this is near one mi- 
The rema, iiG AR 42 deg. 27' ) nute out. 


Example the Second. 


Let AR begiven 40 deg. 00) 
The fide GR 46 deg. 43' rs RA ans T7. 
The Angle at A, namely G AR 42 deg. 27') A ue 


In this caſe we let fall the RN. 
| Perpendicular within, asin the 
firſt Triangle, and fo we ſhall 
have AR, and the Angle at 
A given (in the right angled 
Triavgle AIR) to tind 
ANAL: 


G 


% 


| / | 
Pe $, R * = 27h co. R A+ Radius, is =to0t. co A 


QI RA required. wW AR L a 
t..co. A 42 deg. 27' C0. ar. 9.96129 
$.co. RA 40 deg. 00 9.88425 
t. ce ARI 54 dege 59 9.84554 


Next, I conſider that I have given in the Triangle AIR, the fide 
AR, and AR I, Theſe being reſpondent to R G given in the Tri- 
angle GR I, and GR I the other part of the Angle G R A required; 
I conſider then what 1 ſhould call AR and IR A, to find the Perpens 
dicular RI, and the ſame I call them in reſpondency. 


fo (0+ 
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As t.co, RA 40 deg. 00' c0.4r, 9:923813 


s.co IR A Is to t.co.R G3. 46 dep. 43, 9.973960 
| dTherdfor So is £.co. IR A 54 deg. 59 9 758771 
t,co, RA RFA 


To 5. co, IR G 63 deg. ol 9.656544 


"But if you had found the Perpendicular, as you might have done 
C in the ſecond place ) then would you have had G R and the FRuey" 
dicular, ( in the Triangle GIR ) to have found GR I. 


Add IR G thus found to be 63 deg. on' 
To I R A before found to be 54, deg _ 


ay — — — >" za 


And you have G R A the Angle requir'd I 118 deg. ofo 


CASE 6. 


Two Sides with an Ante oppoſite to one of them "_ to find 
the third Side. - 
Let the fide A G be ag before 72 deg. 13! 
The fide G R be 46 deg. 43' 
The Angle at A namely R A G be 4.2 7 27! 


And let the fide A R be required. 


Let fall the Perpendicular asin this ſecond Triangle from G,and ſo in 
the right angled Triavgle AIG I have giyen. 


AG. 72 deg. 13'1 Whereby I may find the Arch 
A 42 deg.27'F ATI. 


5. cs AJ Radius, is =tot. co. AG 4-3. Al 


t.co. AG 72 deg. 13 C0, ars '0.493 34 
S, co. A 42 deg. 27/ 9.86797 


t AI 66 deg. 30 10.36181 
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Now I have given G A the 

Hypotenuſe in the great Trian- T R_ 
ple, and its Reſpondent GR in 
the little Triangle ; alſo A I 
the Baſe in the great Triangle, 
Reſpondent to R I the Baſe in 
the little Triangle , whereby 1 C 
may find R I, which being done, © 
ſubſtraſt it from 1 A, and the 
remainder is R A, the fide required. 


Example. 7 


I conſider what AG and A I muſt be called , to find the Perpend;- 
cular, and the ſame I call them to put them in reſpondency: 


" As £.co. G A 72 deg. 13' co. ar. 0.51510 


GA 5. - Is to £.coR G 46 deg. 43' . 9.83607 
Al s. co. © Therefore So s. co. A I 66 deg. 30 9.60069 
To s.co.R I 26 deg. 30/ 9.95185 
From the Arch AI firſt found 66 deg. 30 
Subſiract I R here found 26 deg. 30' 


And you have R A the fide required _ 40 deg. 00' 


Here inſtead of putting things in reſpondency , you might have 
found the Perpendicular in the ſecond place, and fo you would have had 


 GRand Glgiven in the little Triangle GI R to tindR I. 
\*. Example'the Second. i 739k as | 

Let there be given the fide AR 40 4. 00') And let the fide GR / 
The fide A G 723 4.13; c ' be required in the 4 
And let the Angleat R name- 118 4. oo') third Triangle. 4 
lyGRA be. | b- 


IF you let fall the: Perpendicular from A, as A1;. then you have pt- 
venin the Triangle AR I (right angledatI) TOY 


P p The. 


* 


# n : wha 6 * 
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The fide AR 40 deg. 00' i Shes 
The Angle GR A | Wher y you may find the Arch IR 
[ts co.to 180d.A R if 62 deg.00 WT 
d. m. 
T $.co,R 62 00 9.671609 
LION tRA 40 00 9.923813 


— 


tRI 21 31 9.395422 


I conſider what A R and 
R I muſt be calkd to find the 
Perpendicular,and fo 1 call them 
to put them in reſpondency, 


As TS. C0» A R. 40 deg. oof C0s ito ©,I1 574. 

Tos. co. AG 72 deg. 13 , ___ 9.438489 

Sos.co RI 21 deg. 30 9.96867 

To xs. co. I G 68 deg, 14 9.56930 
FromTI G 68 deg. 14/ 


Subſtirat IR — 21 deg, 31' 


Err nmr ann 


The remaind.is R G 46 deg. 43' 


Here in the ſecond place inſtead of putting things in reſpondency, 
you might have found the Perpendicular; and then you would have had 
IAand A Gto have found GH in the right angled Triavgle G I A. 


CASE 7. 


Two Angles and the Side between them gfoen , to find the third 
Angle. | 


Let there be given in the firſt Triangle G R A 
The Angle at A 42 deg. 27' . 
The Angle atR 1 18 deg. oo' its Comp. to 180 deg.is AR. I 62 deg. oo 
The fide R A 40 deg. vo! 
And let it be required to find the Angle at Go 9 
0 
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Toreſolve this Queſtion , let fall the Perpendicrlar within the Tri- 
angle as you ſce in Triangle firſt and then in the right avgled Triangle 
AIR we have given 


au v = wo. Whercby we may find AR I 


t, A 42 deg. 27' 0.96129 

r.c0, AR 40 deg. oO 9.88425 

t.co. TR A 54 deg. 59 . 9.84554 
From 118 deg. of G'RA 
Subſtrat 54 deg. 59g', IRA 


The remainder is 63 deg. on! IRG 


Now you have Aand AR I m 
the Triangle AIR given, and they 
are reſpondent to G R I, and the 
Angle at C , fo that I fee what I 
muſt call A, and ART, to find 

' the Perpendicular, and the ſame I © 

call them to put them in reſpons 
dency. 


- a 
Data, Ja RI b. co. Aj Radius is = to. ARI 4-5. co. R 1. R 
R Ireq) 
I fay then; 
ASLARI 54 deg. 59 C0e Ars 0.08672 
Istos.GRI 63 deg. ol' 994994 
So IS ys. co. A 42 deg. 27 9.86797 
To 5. co. G 36 deg. 35 9.90463 


Here in the fecond place you might have found the Perpendicular, 
and fo you would. have had R Iand G R I to have found the Angle 
at CO (in the right angled Triangle R I G ) | 


* | Pp 2 Example 
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Example the Secoud. 


A G 72 dep. 13' 
Data. 3 AG 42 deg. 27/F Require GRA 
<0G 36 deg. 35) 

T To reſolve this Queſtion, you 
Gt may let fall the Perpendicular ei 
ther from A or G.it*s indifferent 
J which, ( but here we uſe it as 

\ let fall frem A ) and in the 
Triangle A G L we have given 


\ AG 

A andogTo find GAL 
i, G 36 deg. 34" 9.87052 
co. GA #72 deg. 13' 9.48489 
co GAIT 77 deg. 7 gn 9.35541 


From GAI 77 deg. 14 
Subſirakt GAR 42 deg. 27 


The remainder is R AI 34 deg. 47' 


bi 


3 So that now we have G and G All in the Triangle GI A given ; 
E and they are reſpondent to R Al ( given in the little Triangle ) and 


' We may fay then, 


As. GAIT 77 deg. 14' co. ar. 0.01090 
Is tos. RAI 34 deg. 47' 9475623 
So is 5. co. G 36 deg. 35 9:90471 
To J.co. AR I = deg. 59' 9.67184 


We might have found the Perpendicular in the ſecond place, and fo 
we ſhould have had I-A and R Al to have found A R.I the Angle re- 


ired ( inthe Triangle AR I ) 
quired ( g a 
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CASE 8. 


Two Angles and the Side between them given to find one of the 0+ 
ther Sides. 


Let there be given in the Triangle G R A 


The Angle at R 1158 dep. od 

The Angleat A 42 deg. 27” M- 

The fide AR 40 deg. oo 
And let R G be required. 


Here let fall the Perpendice- 
lar fromR,and then in theTri- 
angle AR I (right angled at 
] ) we have given AR and. 
the Angle at A, whereby we may find the Angle IR A. 


s.co.R A + Radirs, is = tot. co. Ap tc IRA; 


tA 42 dep. 27" 9.961291 
S$.co AR 40 deg. o0' 9.884254 


1.co, IRA 54 deg. 59' _ 9.84 


5545 
From GR A 11S deg. 00' 


Subſirat I R A now found 54 deg. 59' 
And the remainder is I R G 63 deg. ol 


_ Now we have Given AR andI R A, in the Triangle AIR, which 
is reſpondent to I R G ( given in the Triangle ) and R G required: + 
I contider what I muſi call AR and IRA, co find the Perpendicular: 
and the ſame I call them to put them in reſpondency. 


| As $.co. I R A 54 deg. 59' co.ar. 0.24122 
t.co RA @ Is to £.co.} R G 63 deg. 01” 9.65676 
1.co. IR A © Therefore So Is 2. co, A R._ 40 deg. oo! 10.076 18 
CToz. co RG 46 deg. 43" 9.97416 

#5 But 
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But in the ſecond place, with AR and IR A, you might have 
found the Perpendicularz and fo you would have had R I and GR] 
in that Triavgle, to have found R G required, Ke 


Example the $ econd, 


J 


w Let there be given, as before, | 
The Angle at R, namely GR A 1154.00) Its Comp. to 180 4, is 


The Angle ARI 62 deg. 00' | 
R A- 40 deg. 00 e And let A G be required, 
GAR 42 deg. 27 


In this Caſe, let fall the Perpendicular without the Triangle from 
A, and (o in the right angled Triangle A RI, we have given, 


& 
AR 4o vo{r.ou R A+ Radim, is= to t. co. 
ARI 6&2 oof IRAttoRAI. 


To find R Al. 
t IRA 624.00 — 0.27432 
T $00. RA 404. o&f 9.88425 
Ron” . t.C8, R A | 34 d. 4.6/ TO.I 5857 


. Tathe AnggivenG AR 42 4. 27 
I add this Angle ftonnd 34 4.46' 


& , And it makes the - 4 
A Angle VAG 8s 


G 


We have now in the Triangle R AI (right angled at I ) the ſide 
R A, and R AI given 3 which things are reſpondent to the given 41- 
gle G Al, and the required fide G A (in the Triangle GIA; Y Fcon- 
» fider what R A and RAlmuft be called, to find the Perpendienlar, 

and fo | call them to put them in refpondency” 


As s.co. RAT 34 deg. 46' cor. 0.08540 
tam RAY Is to £.ci. I AG 97 deg. 13/ 9434491 
; Therefore & So is-t.co. RA 40 deg. Q0 10.07618 

So C0s RK A | - —_ 


p_— 


( Toto AG 72 deg. 137 9.50649 
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. If you have a mind, you may ( in this ſecond place) find the Per- 
. pendicular, with R A and R AI given in the Triangle RAI; and 
then with the Perpendicular given, and IAG ( in that ercat Trian- 


ple) you may find ( at the thixd Operation ) the fide G A required 
here. 


CASE g. 


Two Angles, and a Side oppoſite to one of them given; to fad 
the Side between them. 4 6 Jo 


Let there be given the Angle 
at G, and the Angle at A, and 
the Side R A; and let the 
Side G A be required. 


G is364. 35 | 
'A ts 424. 27/$GA is requ. GF 
RAis404, od 


| let fall the Perpendicxetar within the Triangle from R, and fo in the 


Triangle AIR, we have given, 
AR 40 deg, oo &. 9.92381 
A.-:-'.42 deg. 27" Ft 9.86797 
AI 31 deg. 46' 2. 9.79158 


I ſee what I muſt call A and IA, to put themin reſpondency with: 
GandGlI. 


C As t.co. A 42 deg. 27 9.96129 
+. _ A wy | To #, C0, G 36 deg. 35! T'O.1 2947 
7. 00. A I F Therefore 00 ſo Al 31 deg. 4.67 9.72136- 
Tos.IG 40 deg, 27 9.81212 
Adde IG here found 40 deg. 27 '< 
To Al before found 31 deg. 46' 


The ſum is G A the ſide required 72 deg. 13' 
Example: 
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Example 2, 
; Let the 4ngle G be given, as before, to be 36 dep. 35/ 
The Angle at R (its Compl. to 180 deg. AR I) be 62 deg. oo' 
The Side GA 72 deg. 13/ 


And {et the Side G R be required. 


T _ Firſt, for the Arch G 1. 


Ns ann. © G A 1.co.Q + R | 
/ , ' Data,4G t5==tO £:co, 


CGI requ. )' GA+:1.GI 


tGA 724. 13' 0.49384 


o A s.co. G 36 d. 35 9.90471 


;. GI 684. i 10.39855 


| confider now 1 have I G A given, and GI in the preat Triangle 
G1 A, that are reſpondent to the given Angle ARI, and R I. 

Conſider | what you muſt call G I and G to find the Perpendicu- 
lar. 


Ast. AGI 36 deg. 35 9.87052. 
Tot.co. ARI 62 deg. oo 9.72567 
Sos,Ol 68 deg. 14 9.96787 
Tos. RI 21 deg. 3 pr 9.56406 
This I R 21 deg, 31 
Subſtra& from G I 68 deg, 14 
To ; Leaves GR 46 deg 43' 


Thus the e required Side is 46 deg. 43! 


. - 
. 
d 3 # + \% 
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CASE 10. 


Two Angles, and a Side oppoſite to one of them, given ; to find 
the third Angle. 


[ct there be given, 
The Angle at A 42 deg. 27" 
The Angle at G 36 deg. 35' 
The Side GR - 46 dep. 43' 
| demand the Angle G R A, 


Here Ihave GR and G gi- 
ven me, ( in the right angled 
Triavgle GIR ) whereby 1 
may. find G R I. 


t. G 36 deg. 35' 9.97052 
i.co. GR 46 deg. 43' . 9.83607 
:< GRKI 63 dep. oz 9.70659 


Next, for the Angle I RA 


AS v. co. G 36 dep. 35' C0. are 0.09528 
To vs. co. A | 42 deg, 27 9.86797. 
Sos. GRI- + 63 aeg. 4 9.95000 
WAIKA 54 deg. 59' ; 9.91325 
This Angle IRA 54 deg. 59' 
Added to the Angle G-R I 63 deg. 02 


Makes the Angle required G Ra: 113 deg. on 


® Theſe be the Eight Caſes of a Spherical Triangle, which are reſolved 
by letting fall the Perpendicular from forme one Angle thereof, There 
be two Caſcs more, which, may be reſolved by letting fall a,Pcr Jendl- | 
cular; and not onely that way, but ſeveral other ways,” 45'is largely 
and very plainly d:monſtrated in my Father's Book, called The Dpcirine , 
of Triangles. 1 think nothing of fo high a nature can be plainer de- _ 
monſtratcd, than the reaſon of the Rule it (elf, 1 refex the Reader to 


op Q q that 
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that for variety, and (hall onely uſe one of them ways as a choice way 
to mez though to others the reſt may ſeem as plain, and Indeed 


alc. 


CASE 1I. 
The three Sides of a Triangle given, to find an Angle. 


Ake half the difference between the two ſides that contain the 4n- 

| gle you look for, and adde it to halt the other fide _(- which mult 

be oppoſite to that Angle 3 ) and likewiſe ſubltra& it from the ſame, 
noting the Sum and Remainder. | 


Then, this is the RU LE 


To the Complements Arithmetical of the Sines of the Sides that 
contain the required Angie, adde the Sines of the Sum aud 
Remainder ( betore noted) and the half of that Sum or ] oral, 
ſtall be the Artificial Sine of half the Angle required 


Example, in the Triangle GR A. 


NR Let there be given in the Trian- 
ge GR A, 


RG 46 4d. 43/ dn let the 


AR 40d. oo's Angle Abe 
AG 72 4. 13'), required. 


AGis '\ 72 4g. 13/ 
. RAis 40 deg. oo' 
Their difference 32 deg, 13' 


The © difference is 16 gg. &; 


d. 7. 
GR oppoſite to A, is 46 deg. 43' the halt of it is 33 an 2 
The half difference being added, x difference 16 06 3 
Gives the fam; SY ſum 39 27 


Subſtxaced, it leaves for the remainder, remainder o7 15 
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d. mh, 
RA-L. 40. CO cn ar 0.19193 
GAL. 723 «13 C0 Ars 0.02126 
Sum £, 39 27 9.80305 
Remainder  ©7 15 -9.10105 


pe I 


——_ —_—— _@Þv 


Total 19.11729 


Pre OT nn—nwn— 


_ A + 21 deg. 13' g: : Total 9.55864 
Doubled is. 42 deg. 27' The Angle at A required. 


Example the Second. 
Fig. [. A Dmit in the Triangle G AR, in this Scheme following, 
we have given, 
d. Hs 
AR the Complement of the Latitude 40 OO 
R G the Complement of the Suns height 79 OO 


AG the Complement of the Suns Declination 99 10 
And let the Angle at A (which is the hour from Noon) be. required. 


In this caſe, one of the ſides, namely G A, is above 90 deg. But I 
would have you remember that the Sine . of an Angle above 9o deg. 
is alſo the Sine of an Angle as much leſs than godegrees 3. and fo 
when you would take the Sine of 99 deg. 10' here given,take the yine 
of 80 deg. 50'3 which is as much lefs than 90 degrees as 99 deg, 10' 
is more. '. 


| Wa d.  m. 
The fide AG is 99 1O i | 
The fide AR is 40 © OO df. 


fg = GR is 79 OO 
The differenceis 59 10 E ik, "ID 
TOE prom The halt of GR is 39 30 
The half difference is 29 35 
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d. ms. de. me 
LK -: 39 3936 A 40 OO C0. ar. Sf, OeL9193 
3 Difference 29 35(AG 99, 10, C0.ar. S, OD0558 
Sum -. 69 o5( Sum 69. ©5 5. 9.97039 
Remainder. 09 55 Remainder 0, 55 ſe _9 23607 


19.40397 


| Don n—— 


The halt of A is Zo deg 13' 5 ' 9.70198 
2 | 


Which doubleQis A. 60 dep. / 27/ 


] am the willinger to do Exawples of this nature, becauſe *tis fo 
uſeful at Sca for finding the Variation of the Compaſs, as I (ſhall ſhew 
at large, when I come to the Application of it to Altronomy, where I 
purpoſe to vary this Caſe. 


CASE-I2z. 


The three. Angles of an Oblique Spherical Triangle given, 10 find 
the: Sides. | 


SE in the Iriangle ( here following ) there be given, 


07). Fl: th 
The Angle at A 36 35y 
The Angle at B 118 o1FAnd let the ſide B Dbe required. 
The Angleat D 42 27) 


\ 


'B If we convert the Angles 

into Sides, and the Sides into 

Angles, we may do this as we 

did the laſt, obſerving the 

ſame Rule for the ſolution of 

_— D them 3 onely taking the 

by Complement of the greateſt 

Angle to 180 degrees, inſtead of the Angle it (elf. 

Take half the difference of the two Angles, between which is the 
fide required. SE ee? 

And adde that to half the Angle oppoſite to that fide, and ſubtract 

itfrom it, noting the ſum and remainder. - Then 
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Then this is the RULE. 


To the Complements Arithmetical of the Sines of them two An- 
gles Joyning to the" Side required, if you adde the Sines of the 
aforeſaid ſum and remainder, the half of that ſum or total is 
the Sine of half the Side required. | 


Example. 
d, MM. 
The Angle at B, its Complement to. 180 deg, is 61 59 
The Angle at Dis 42” v7 
The difference between the Angles is I9 32 
The half difference is 9 46 
_ Halt the Avgle at Ais 0 7 x 
Sum 2d 6 = 
Remainder ©5 on” 
s. B 61 deg. 59' C0. are 0.05413 
s. D 4.2 deg. 27” C0. are 0.17073 
7, The ſum 28 deg. 03' 9.67243 
5, The remainder 09 dep. 31 9.17054 
Sum 19.06783 
_ s, Half DB 20 deg. oC Half fum 9.53391 
Doubled, it's DB 40 deg. 00 required. 


E might have ſhewed the ſeveral Queſtions that would be framed 
from one Oblique Triangle, which are 60 in all ; but my Father hath 
pointed to:them as he goes along, in the Dodtrine of the Sphere, and 
they all come under theſe Rules that I have laid: down : fo that there 
can be no Caſe of cither right angled Spherical Triangles, or Oblique 
but you are fitted readily to reſolve it. I will do a little in Quadran- 
tal Triangles, and fo proceed to the Application of all thefe ; Firtt, in 
Aſtronomy, and then.in Sailing by a Great Circle. 


CHAP. 
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CHAP. XXXII. 
Of Quadrantal Triangles. 


If a Triangle have one or more of its fides 90 degrees or a Ourdrant, it's 
called a Quadrantal Triangle. 


, Sin the Scheme going the Triangle A R Bis a quadran- 
Fig. Il. A tal Triangle, becauſe the fide AR is a Quarta, 


And as in a right angled Triangle there be fave things contid=:able 
beſides the right Angle, ſo ina quadrantal there be tive things confide- 
rable befides the quadrantal fide 3 and theſe five things are three of 
them noted to be Complements, ( namely them three ) that lie 
_ fartheſt from the quadrantal fide 3 the other two things that 
lie next the quadrantal fide are not noted by their Complements; 
juſt as it is from a right Angle in a right angled Triangle; (o it is 
from a quadrantal fide in a quadrantal Triangle, and in every kind fo 
to be accounted. 

Then you may note that the Angle at A and the Angle at R arenot 
parted by the fide A R, no more than the ſide A L and LB is parted 
by the right Angle L, C in that right angled Triangle BLA ) but all 
things to correſpond from the quadrantal fide in this Triangle, as they 
do from the right Angle in a right angled Triangle: Theſe things pre- 
miſed we'll depend upon the Rule or Axiome, and proceed to Ex- 
ample. 

The Sine of the middle part with Radius , is equal to the Tangents of 
the adjacent Extremes, or to the Sines Complement of the Oppoſite Ex- 
Fremese 


CASE r. 
The two Angles next the Quadrantal Side given, to find either of 
the other two Sides. 


| Inthe quadrantal Triangle AR B ( the quadrantal fide is A R ) 


Let there be given the Angle at A the Suns Poſition) 
between the Pole and the Zenith at his rifing ( the 36 deg. 26 
Complement of LAB to 90 deg.) 4 


The 
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The Angleat R (namely A RB) the Suns Axzimnth of riſing = 
to AL 61 deg. 39', and let B A the Suns Declination Complement be 


required, | 


I conſider here ( that if A R do not part them ) then *tis an adja-« 
cent Extreme, and A is the middle part. 


s. A+ Radius, is = tot, R + þ co. AB. 


i R 61 deg. 3S' co. ar, 9.93235 
s. A 36 deg. 26' 9.77370 
t,co AB 72 deg. 13 9.50605 


And thus the Compliment of the Suns Declination is the ſame that 
it was in the right angled Triangle A LB. 


Note, that the parts of this quadrantal Triangle are the Comple- 
ments of the right angled Triangle that I wrought thoſe Caſes of a 
right angled Triangle by, except AB C which is a fide of that and of 
this too) and ARB, which is = toALi in that; for R B is the 
Complement of BL to go deg. and ABR is the Complement of 
ABL to 100 deg. and R A Bis the Complement of L A B to 90 dep. 
and though ABR be above an Angle of go deg. *tis but uſing its 
Complement to 150 deg. ( whichis A BL as though it were the real 
Angle it (elf; and the reaſon of it is, becauſe an Angle lels than 90 deg. 
hath the ſame Sine or Tavgent that an Angle as much greater { as we 
have ſhewed before ) ſo that in all reſpects we may work: from the 
quadrantal fide here R A as we did from the right Angle there. 

L intend onely to ſhew one Example in an Oppoſite Extreme and 
bl the other 14 Caſes of a Quadrantal Triangle to your own pra- 

Ice. | 


CASE 2. 


A Side and the Angle oppoſite to the Quadrantal Side being gi- 
ven, to find one of the other Angles. 


In the Triangle A BR let there be given 
The Suns Complement of Declination A B 72 deg. 13' 
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The hour of the Suns riſing from 12 of the Clock at Noon ABR 
= 112 deg, 28' ( its Complement to 180 eg. is 65 deg. 32' ) 
yh Aud lct the Suns Azimuth of riling A RB be required. 


a5. Ta 13 Fs 
Pae.ga BR 112 dep, 2b du J- Radis = tos. BA35.B 
AR Bis required, 5 


v, 


5. BA 72 deg. 134  9:97873 
s. ABR 67 deg. 32' (Its Complement to 180 deg. ) 9.96571 


s. ARB G1 dep. 3% 9.94444 


And thus the Suns Azimuth of riling is found with the fame caſe as 
in the right angled Triangle ALB. 

So then the Suns Amplitude of rifing is alſo the Complement of this 
Angle tound to go deg. namely Y RA 38 dep. 22' 3 becauſe I would 
be brief Ileave theſe things to your own practice.and come next to the 
application of this Dodtrine of Triangles both in Aftronomy and Sa7- 
ling by the Arch of a great Circle. 


"y ———_ — ena 


CHAP. XX XLIÞ. | 
Oblique Spherical Triangles applied to ſome Queſtions 


in Aſtronomy, 


Fig. III. ! ihe abreviate the applicatory part of Oblique Spherical 
'S IF Triangles, I uſcd this real Triangle of the Sphear 
ARG, wherein (as I then noted ) 


AR repreſents th: Complement cf the Latitude. 
A the Hour from Noon, 
C the Angle of the Suns Poſition. 

A G the Complement of the Suns Declination. 
GR tne Complement of the Suns Height, 

GR A the Suns Azimuth from the North. 


QUEST. 
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QUEST. T:. 


Admit I be in the Latitude of 50 deg, o0-min. North, and at 
9 ho. to min. 12 ſec. in the Forenoon Twould know the Suns 
Azimuth from the Eaſt-point f the Horizon , allowing the 
Suns Declination to be Northerly x7 deg. 47 min. 


Subſtrad& the hour 9 hs. 10' 12” from 12 hours, and fo I have 2 bo. 
A 49' 48”; which converted into Degrees and Minutes of a Degree, 
is the Angle at A 42 deg. 27'; and have the Complement of the 
Suns Declination given A G 724eg. 13', and the Complement of the 
Latitude AR 40 deg. o0'. 


To find the Angle G R A the Suns Azimuth 
From the North, and conſcquently from the Eaſt or Weſt. 


This very Queſtion is reſolved in the third Caſe of Oblique Trian- 
gles, Example the ſecond, look there and you may be ſatisfied how to 
attain your delire : 


KROnd -—" 118. dep. os 
From which if you fubſtra& AR C - -- 90 deg. od 


nn. 


The remainder is the Suns Azimuth from the Eaſt 2 4 E- 
Southerly GR C which was required. ege OO 


| QUEST. 2. 
Admit the Suns Declination be Northerly 17 deg. 47 min., the 


. 


Latitude I am in be 50 deg, oo min. Northerly, and the 


hour from Noon be 42 deg. 2.7 min. 7 demand the Angle of 


the Suns Poſition with the Zenith and the North Pole. 


_ ER | | d. 2 
J* this Queſtion we have given the Angle at A an 9 
L The fide A R, which is the Comp. of the Latitude 40 © oo 
The Suns Declination Complement G A 72 13 


And the Angle required is G the Angle of the Suns Poſition, 


Re Here 


0... 
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Here is two fides, and a contained Angle given , to find an Angle : 
and you have the queſtion reſolved in the firſi Example in the third 
Caſe: It is 36 deg. 35 min. Sa 


QUEST... 

Let the Complement of the Suns Declination be 72 deg. 13 
min. Northerly, the Latitude be 50 deg. oo min. Norther- 
ly, the hour fooa Noon be 42 deg. 27 min. 1 demand the. 
94ns height. 


a, Ht. 
Here is given the Angle at A . 42 27 
The fide G A | 72 I3 


The Complement of the Latitude, whichis AR 40 eo 
AndR G the Complement of the Suns height is required, 


| That is two ſides, and the 
contained Angle given, to find 
the third fide; and you will 
ſee the ſame Queftion wrought 
in the fourth Caſe 3 the Com- 
plement of the Suns height 
GR is 46 deg. 43' the Suns 
height then is the Complement of that to go deg. in the Scheme 
F G 43 deg. 17. 


After this manner one may make Tables of the Suns height for 
every Hour and Minute of the day 3 for the making of Dyals and 
Quadrants, 


ie 
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Applied to Aftronomy. $67 | 


, : . I , | ; ; F { W at. 
RF , ,  Þ " , > A 
oo, 1 QUEST. 4 


Admit I were in the Latitude of 50 deg. 0G min, Northerly, 

and obſerved the Suns height to be 43 deg. 17 min. at the 
ſame time ( if his Azimuth from the North be 118 deg.) 1 
demand his Declination. 


ge 5O deg. 00/ from 90 deg. and ſo I have 
= A R'the Complement of the Latitude 
The Angle at R, is the Suns Azimuth trom I 


f 
40 deg. 00 


I15 deg, od 


. North 
' And if, you ſubfixact the Suns Altitude 4.3 deg. 17' e why IV, .; 
from 90 deg. you have G R VER aps. Ok. T ; Se 73 


. 
= 


And G A, the Complement of the Suns Declination is required, 


You may ſee this Queſtion reſolved in the ſecond Example of the 
third Caſe, ard the Complement of the Suns Declination is*7 2 deg. 13/ 
G A; which (ubſiracted from A X in the Scheme, leaves the Suns D-- 
clination X G 17 deg. :47'. 


GUEST. 5. 


Admit 1 am in the Latitude of 50 deg, oo min. North Latj- 
tude, and 'the Suns Declination Northerly be 17 deg. 47 
min. 7 demand the hour of the day, ( provided the Comple- 
ment of the Suns Altitude be 46 deg. 43 min. ) 


HD. mm. 


The Complement of the Latitude is A R ee oo, 
Tine Complement of the Suns Declination is AG © '' 72 13 
The Complement of the Suns Altitude is G R 46 43 


The hour from Noon or Angle at A is required. 


This Queſtion is reſolved under the Eleventh Caſe, and it is A 

f M4 Þ. | 
42 arg. 27' : after this manner you may find the hour of the day 
& -. "KT 2 tor 
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® for every height of the Sun 3 it is here converted into time 2 ho, 49 
E- -, 48” before 12 of the Clock, which is 9 of the Clock 10” 12”, In 
| the ſame caſe you may with the fame things given find the Sung 
Azimuth at that time. And in the ſame manner, with the ſame things, 
you may find the Suns Angle of Polition, I will do an Example of 
| it here, to find the Suns Azimnth, becauſe *tis of great uſe for the fin- 
divg the Variation of the Compaſs. | 


QUEST. 6. 


Admit the Suns Almicanther, or height above the Florizon, be 
43 deg. 17 min. its Complement 46 deg. 43 min. the Com- 
plement of the Suns Declination be 72 deg. 13 min. the La- 

 titude that I am in be 50 deg. oo min. 7 demand the Suns 
Azimuth from the North. 


& 0% 


jo R the Complement of the Suns height 6 43 


Data.4G A the Complement of the Suns Declination 72 13 
.CA R the Complement of the Latitude 40 OO 


I demand the Suns Azimntbfrom the North R. 


Thefide AR is 40 deg. o0' 
The fide RG is 46 deg. 43' | 
Their difference is 06 deg. 43 | 
Half their difference is : 3 deg. 21” 30” 
Halt G A is 36 deg. 06' 30' 
Adde the half difference 03 deg.21' 30" 
The Sum is 39 deg. 28' 09” 


The remainder is | 32 deg. 45' oo” 


Mrs 


RA 4O OO Co. ar, 0.19193 

4, IR 46 AZ c0ar. 0.1378 

5, the Sum 39 286 9.80320 * 

s, the Remainder 32 45 9.73317 
Half the Angle required is half 19.86618 

V/hich is 59 deg. 00' 9.93309 


So that this 59 deg. 00' doubled, is 118 deg. oo” the Angle at R re-- 
quired. 


Thus the Suns Azimath may be found at any time of the day by ob- 
ſerving his height, which is uſed very much going to the Eaſt-Indies, 
and ſome times to other parts, as at the Weſtern Iſlands, Greenland, 
CC. 
If in the Queſtion preceding, you would know the Suns Azimuth 
from the Eaſt, *tis but ſubſixrating 90 deg. from the Azimuth found, 
and you have it 3 becauſe it's from the North fo much above 8 points 
or 9O deg. it's here Eaſt 28 deg. Southerly. 

| But if the Angle at R had not been ſo much as 90 deg. then you 
muſt have ſubſtra&ed the Angle found from 90 deg. and it would have 
given the Suns Azimuth from the Eaſt. 

If you would know the Suns Azimuth from the South (in the 
Queſtion) you muſt have ſubſiraQed the Angle found from 180 deg. 00' 
and it would have given your defire : But theſe things I leave to your 
own praGice. | 

There be ſeveral thigs that you may find in this Triangle of great 
uſe ( as you may ſee by what is ſaid already ) in Navigation, which 
your praQtice will make you perfc@ in, and therefore to that I rc{cx 
you. 


QUEST. 
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QUEST 7. 


Admit 1 be in North Latitude 50 deg. oo min. and at » ho. 
* 49 min. 48 ſec. after 12 of the Clock in the Afternoon, 1 
would know the Suns height above the Horizon, the Suns 
Declination being Southerly 9 deg. 10 min. 


Fig. LV, His Queſtion will be preſented in Scheme 1V. wherein 
there 1 is given, in the Triangle G RA, 


Thefide AR 40 deg. od 
The hour after 12 a clock, converted into degrees and 3 an 

minutes, G AR oy 45 ep 27 
The Complement of the Suns Declination (or his di-; 1 
- "Nance from the North Pote) GR he ba 
And let the Complement of the Suns height be demanded, GR. 


I conſider here we have two ſides, and the contained Angle given, 
to find the third lid, Soy 


N 


Let fall he perpendiculs from R which | is in the Triangle, a as R I 
| and ſo in the right angled Triavgle R 1 A, I have given, 


RA. 40 deg. | , FEES 
RAG 42 to, 27 77d, co. AJd- Radins, is = tot. co. AR +#t. Al 
To find Al. oh wet 
wa ; Rad. = TIO. 
0.5. R Al 47 deg. 33, 9.86797 
t.RA 40 deg. o0' 9.92391 
t Al 31 deg, 46' x9.79178 


This Al 31 deg. 46' ( being the Suns diſtance from the North 


Pole ) CblicAca from AG 99 deg. 10' there remains 67 deg- 
24' for I G. 


And 


Applied to A ftronomy. 2 Jil 
And now we have I G reſpondent to IA. 3 and the thing required 
* GR, is reſpondent toR A, the Latitude given : fo that 


As 5s. co. Al 58 deg. 14' couar, 0.07047 
Is to ys. co. I G 4.2- deg. 36” 9.59466 
S01iss.co AR 50 dep. oO | 0.88425 


pI 


To s. co, GR 20 deg. 15" the Suns height x95 3 938 
The Complement whereof 69 deg. 45' is the fide G R required: 


In this manner you may find the Sans height for. every hour or mi- 
nute of the day : lettne Suns, D=clination be either Northerly or Sou-: 
therlyz. Or if the Latitude were Southerly, from the South Pole in 
ſuch a. Triavgle as this 15, you may hind any thing that you do in a 
Northern Latitude, I need not do Examples of every one, becauſe it 
will take up too much room, | 


QUEST: 7: 


The Latitude and Longitude of any Star given; to” find his 
Right Aſcenſion aud Declination. 


Admit. Perſiuss right Shoulder be Longitude .25 deg, 18” of: ©, and 
have North Latitude 34 deg. 30's I demand by Right Afccnlion.and 
Declination. | . | | 


Fig. VN | Ore, that the Eatitude of a Star is the diſtance of that 
Star from the Ecliptick, cither Northerly or Southerly, 

in a Circle that cuts the Ecliptick from the Poles thereof : as, in the Fi- 
eure X L is the Latitude of the F, or its diſtance in the Circle BX L 
which comes from B the Pole of the Ecliptick. 2K *67 wa 

The Longitude of a Star is his place in the Ecliptick, or his diſtance. 
in the Ecliptick, From YT” counting the Signes ſucceſſively, as O Y/, 

Right Aſcenſion of the Sun or of a Star, is alike, namely that Meri-- 
dian-diſtance from Y' that comes with the KF, and cuts the EquinoRi- 
al. Now where it cuts the, Equinoctial, there is the Stars Right Af- 
cenſion, as here A * cuts the EquinoGial in]: and/ therefore 1T' is 
the Stars Right Aſcenſion = to the Angle LA Y., 


Here 


—_ Py 
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Here then (in the Triangle X BA) wehave given, 
AB the diſtance of the North Pole from the Pole of the 


Ecliptick F 0 
X B the Complement of the Stars Latitude 55 deg, 3d 
*X B A the StarsLongitude. from Cancer 34 deg. 42' 


To find firſt the Complement of the Stars Declination A , we will 
let fall the Perpendicular AE 3 and fo in the right angled Triangle 
.BE A thereis given, 


$6.00 B Radimns, 15 == fo f, C0s BA + fo B E, 


. d, Ms | d. Ms 
. TAB .23 30Yy.t. BA 23 30 9.63830 
DanS% BA 34 jade co, AB 34 42 991494 
To find BE I t.BE Ig 40 9455324 
This BE fobliraRted from B * 55 30 
Leaves E * 35 50 
Say then again, 
"a © | 
As s. co. BE 19 40 Cod", 0.02610 
4s to 9. co.  E 35 50. 9.90887 
So is £.co. BA 23 30 9.96239 
To-s. co. A * 37 $52 : 9689737 
From A*XOI 90 OO 


Subſtrat A * ſo found 37 52 
The remainder is 1 52 08 The Stars Declination required. 


Nee, for the Angle X AB, 
d. mn. | 
"os N * A | J7 352 C0: Ars  ©21195 
Tor. #FBA 34 042 9.75532 
Sos. XB 55 30 9.91599 
Tos, FAB 49 Ji 9.88326 


This 


Applied to Aftronomy. = 


This 49 deg- 51' is the Complement of # A B to 180 deg. So that 
the Angle. here looked for, is the # Right Aſcenfion 130 deg. 09/ 


from Midnight. 
From which if you ſubfira&t BA Y 090 deg. 00' 
The remainder is A Y ; 40 deg. 09 


== to which, is I YT, the Right Aſcenſion of the * required, 


And the reaſon is plain: for AY is go deg.and AI is go te. 
therefore I V' is the meaſure of the Angle Y' A X 1, or equal to it. 


QUEST. 8. 


Admit the Right Aſcenſion of the ſame Star , namely Perſius's 
right Shoulder, were 40 deg. 09 min. and the Declination 
of it were 52 deg. 8 min. I demand the Latitude and Lon- 
gitude of the ſame Star. 


"His would be the converfe of the former Quefiion : for the ſame 
thing is required here, that was given there. 


—— 


For inthe Triangle * AB, I have given, 


* A 40 deg. og! its Right Aſcenſion. 
Which added to YAB 90 deg. oc 


Gives the Stars Right Aſcenſion? ey 
from the North, XAB C 130 deg. O09 


| d. m. 
And the Declination of the Star is ;1 * . # -— 
Whole Gomplement to 90 deg. I Ajis # A 37... 52 
And AB is as before the Pole of the Eclipticks ; 
diſtance from the Poles Elevation C 3 . 39 
d, m. Z 
- So that thus I have given (I ſay) # A 27 03 -. 1 
The Angle at A, namely FAB. 2 OSS TO *” - 3 
And the fide AB OE OE 23 '30 
That is, two ſides and a contained Angle, to find the third ſide, and T 


the Angle AB * that is, the Latitude and Longitude of that Star. 
Oe, 'Sf | | 
* . 


— 
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I have thus delineated the Queſtion, and need not do an Example of 
it, but leave it to your own practice, for brevity ſake; and becauſe 1 
have ſhewed ſeveral Examples of this nature in the Do&rinal part of 
Spherical Triangles, 


QUEST. 9. 


Admit that I be tn the Latitude of 51x deg. 30 min. and the 
1 itn day of Auguit, 1634 the 9un hath North Declination 
ir deg. 54 min. Now Yerlius's right Shoulder hath Right 
Aſcenſion 40 deg. 09 min. and 7 obſerve him before he comes 
to the Meridian , and find bis Altitude 30 deg. oo min. I 
demand his time of coming to the Meridian, and the true time 
of Night. | 
Note, That the Declination of Perfius's right Shoulder 4 Northerly 

52 deg. O09. 46 I | 


Fig. VE. FEY the reſolving this Queſtion, 'twill be neceſſary in the 
8 firſt place to find the Suns Right Aſcenſion : Toattain 
which, | | 


In the Triangle Y' R ©, right angled at R. 


d. 'm. Yt.co. 0.36169 
R Y' © the Suns greateſt Declin. 23 3o( t. 9.32373 


Data. R © the Suns preſent Declination 13 54 = — 
Required Y R =to -- 29" 00 J6- 9.68542 
Here we have found Y R to be 29 deg. od 
Which ſubſiraQed from 180 deg. oo 
It gives the Suns Right Aſcenſion | 151 deg. 00 


 Iyouask why YR isnot the Suns Right Aſcenſion, I would have 

you conſider the time of year 3 the Sun is in Les, and that muſt be a 
ercat way from Y' : fo that the diſtance that we found was * R 
29 deg. 09', the Suns diſtance from ©, which is = to. R. 


Next, 


Applied to Aſtronomy. 


Next, - for: the' Angle-* B D.., 


We hid given in that Triangle A BD, the fide A B FR" 
which 1s the Stars Declination Complement | " 37 aeg. 51 

' AD the Complement of the Stars Altitude 60 deg. 00/ 
The Complement of the Latitude B D 38 deg. 3o' 


And ABD, the Angle of the Stars, being ſhort-of the Meridian of 
South, 15 required 3 that is, three hdes'given to find/an Angle. 


&. "Ms DLDE0901 1 ECON bes, 


The fide A B is 37 51)(CHlfADis 30 O09 
The fide B D is 39 3of Half difference added OO 19 
of Difference gn 00 50} = SagC off 6 1 300: 
__ Halt difference 3 WAL. Remainder * | '29 5 
2 37 deg. 51' co. ar. 0.2121T 
s. BD 39 deg. z0 C0s Ars 0.20585 
5. Sum zo deg. 19 | 6g al 
oY Remainder .. arp. 41" 9 Rh a 5169478. 
| | Tj 19. $1584 hag 
ABD its half 54 deg. oo' 9.90732 
2 


Doubled is 108 de TH oo! 
The Angle xcquued AB D., (the.tims after this obſervation, b, efore 


this Star will come upon tlie Meridian ) winch 1s 7 by. 12", 


But for the hour of this Stars coming upon the Meridian, 


- . | d. Hs, 
I adde to the Right Aſcenſion of the Star 40 09 
Twenty four hours or 360 00 
And from that ſum, being 400 O9 
Subſiradt the Suns Right Aſcenſion I51 OO 
And'the remainder is 249 Og 
Which converted into time, is 7 16 þ. 36! 36" 


& Si 2 0 
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& long after 12 of the clock at Noon it will be; before that Star + 
will be upon the Meridian, Wie! is at 4 a clock 66h th in the Mor. © - 
ning. | J 


And laſtly, for to know the true time of Night that 1 obforved the 


Star. 


 Subſtract-the time between my obſerving the Star, 
and his.coming to the Meridian, which! was 
Frorm-the time after Noon that the Star will be 
upon the Meridian = 


And the remainder is the true time I obſerved at Q9 bo, 24/ Tu 


7 ho. 1 


16 bo, 36' 36" | 


And thus you may find the hour of the Night at any time, by taking 
the height of a known Star (provided you know his Place, Right Af 
cenſon, and Declination 3 and the Suns Declination or Place in the Ecli- - 

prick.) whereby you may find his Right Afcenſion ( as hath been L 
ng ) by that and his greateſt Declination. ? 


But indeed. it's neceflary to have Tables of the Suns Right Aſcenſion q 
by one; as well as of the Stars; and therefore upon ſecond thoughts E 
have here placed them, though it was not my intent at firſt. ; 


4 plied to A fironomy. 
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nary uſes. ) 


A Table of the Suns Right Aſecnſion, converted into Time | 
2 Jo- A ai for all the Tears of Declination ( for ordi- 


january. 
© Righ Righ!| 
Alcenfion.) 
ba. 
I9 
I9 
19 
I'9 

I9 

I9. 

I 9: 


(20 


IfLeap-year, 


F ebruary. | 
© Right 
Alcenhon. 

hy. m.' 


ho. 
Sk 
S414 
21 
y Þ | 
2TI 


22 


March. 
© Tg | 
Aﬀe cenſt 7” 
ha. 


| 23 


23 
23 
£5 
23. 
23 
22 


Ay 


p 
63 
OO 


| 00 


$3237" 


6 } this laſt 


OI 
OI 
WoT! 
'Þ OI 
2 F OL 
"Ol 
Ol 


| April. 
O Righ i 


- Aﬀcenſt 1. 


| ba, 
OI 
OI 
Ol 


24] 
25 | 


OI 
O2 
O2 
O2 
O2 


O2 


( 
- 
MT J 


BY 


_ June, © | 
© Rizh zht 


i Afer to In, | 


+ '/ FY 's 


=) 
OZ 
0) 
ay 
OJ 
OJ 
0 
OJ 
05 


05 


il 
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A. Table of t the Suns Right Aſcenſhon, converted into Time | 
which pe ſerve T” all the years 1 Declination ( for ord; | 
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wary uſes. ) 
- Fuly, | Auguit, 
2 | Righl© kight| 
* Aſcenſion, Aſcention. 
11h: 0a 
I | 07 32109 25 
2107 27109 29 
3107 31]09') 33 
4107; 35199.. 37 
'5jo7 - 39j09- 41 
6107: 43]09 45 
71097 4/109 49 
$407. 5I[og9g 52 
9107 535109. 56 
LO107;%. 12 199-5, 
11403. 0310 03 
12408:,- 0710 .'-07 


WT 


| September. 
© RIgat 
Aſcentidn 
ho. ms 
x. 
II 23 
Ti: --I0 
EE 89 
yore} 
LE « 
[ti 49 
IT 44 
Li: 48 
Hil 
[It 55 
E*- Ip 


Ocfober. | Novemh, 
KO) Right © Kigh 
Aſcentivn. Aſcen! you 
ha - 3 ha. mM. 
13 -- 07,115 -. 07 
3-12-15 - BT 
3 I 4 | Il 4 
43 .286.$15... -IS 
3- 22-445 --22 
13 20 5 -. 20 
3. 30O415..:.-.50 
t9--AS TET--- 3 
13 --543/- 413 $9 
r3_4t [1544 
3 4+ [15 49 
3- 4% [15 53 


| 


— 


| 


Decemb, | 
© Rip m 
A NEE 
ho. Be m, 
TY I 4 
I7 I9 | 
©7246 
T7. --2% 
4793 
17. 37 
£29 00 
I7 46 
I7 JO 
LA 
I'S OO 


Applied to Aſtronomy, " "os 

This Table may ſerve for all the years of Declination for to find 
the time ofa Stars coming upon the Meridian to ob{crve for Laticude 
or for ſeveral] other things 3 but in things that required more cxact- 
neſs, I wiſh cvery man to work it as | have thewcd in two or three 
Examples, where it's found to the: (ccond of a Minute of Time, aud 
mutt þe {o for things of that nature that I thzw it, for there indeed 
exaacls is bett in every thing z but here one years right Aſccntion 
will (erye for 2!l and be exact enough. 


To know the time of any Stars coming upon the Meridian. 


Have made Tables-of the Longitude, Latitude, Declination and right 
Aſcention of ſome principal Stars. 

Now if you would know the time of any of thoſe Stars COM g 
upon the Meridian for any day 3 fubſtrat the right Aſcention of the 
Sun for that day from the right Aſcention of the *, and the remainder 
is the hour from Noon ( fiated ) that the Star will be upon the Merti- 
dan. 

But if the right Aſcention of the Sun be greater than the right Aſcen- 
tion of the Star, then add 24. hours to the right Aſcention of the Star, 
and ({ubſtract the right Aſcention of the Sun from that ſum, and it 
gives the hours after Noon that the Star will be upon the Meridi- 


al. | 


As for Example : 


Admit the firſt day of May the Swuns right Aſcention be 3 ho. 13', and 
the right Aſcention of the Lions Tail be 11 ho. 32'5 I (ubſtrat the 
right RE of the Sun from 1.1 ho. 32 ( the right Aſcqntjon gf the 
$tar ) and the remainder-is 08 ho. 19/; ſo I conclude t at j1t will be 
ſo long after 12 of the Clock at Noon before that Star be upon the 
Meridian. 


But imagine in this ſecond Example : 


/ That upon the fixſt of December I would know what time Wo firſt 
in Orions Girdle comes to'the Meridian : Took in the Tables and find 
that Stars right Aſcention is 78 deg. 46', or 05 ho. 15',, I look for the 
_ right Aſcenſion of the Sun for that day, and find that to be 17 ho. 14/3 


and becauſe I cannot ſubſixracs he Suns right Aſcention from the 
Stars, 


\ 


. Z2O Oblique Spherical Triangles, &c. 
Stars, | add 24 hours to the Stars right Aſcenſion 05 bo. 15”, 


And it makes 29 bo. 15 
Now ſubſtract the Szns rioh Aſeention from it 17 bo. 14 


, 
And the remainder is the hour from Haag? SY TT 


ot the Stars coming to the Meridian 


That is at one minute paſt Twelve of the clock at night. 


When you would be very exa& indeed for the time of a Stars com- 
ing to the Meridian , you may conlider the S#ns difference of right 
Aſcenſion between one day and another is commonly four Minutes of 
time 3 ſothat for every fix hours later that the Star comes upon the 
Meridian than the $zn doth you may reckon one minute of time, 

Note. The Stars alter their time about one hour in Fifteen days 
| (ſooner) for their coming upon the Meridian, by which you may know 
their Scaſons at any time, when found for ſome one time. Thus much 
tor Aftronomy in this place. 


CHAP. XXXIV. 
Problems of Sailing by the Arch of a great Circle. 


[1 places in the world that lie North and South one from the 
other, their diſtance on their bearing ( either in Leagues or 
Miles }) is their neareſt diftance one Fom the other, 

Alſo all phces that be under the EquinoQtial , their diftance Eaſt 
and Welt is their nearelt diſtance. 

And the reaſon is, becauſe the EquinoGtial is a great Circle of the 
Sphere 3 and fo are all Meridjans or North and South Lines ; but 
{crve not ary Eaſt or Welt Lines ( except the EquinoCtial ) but as 

any Parallel or Ealt and Weſt Line 1s nearer the Poles, ſo them Circles 
_ arcliſcr thaii a great Circle, ſo that if in a Parallel of any Latitude 
known' there be two! places in that ' Parallel -diftant' av namber of 
miles confiderable, the nearclt way from one of chem to the other is 
not Ealt or Welt, but upon that Arch of a great Circle that leades 
| from one of them to the other. As 


+ « * 
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inein” the Latitude'of '50 deg. 00! there be two places diftant 
ir Parallel 180 deg. or 6942 miles ( for in Miles a Semicircle 


- in that'Parallel is no more; ) I deſire to, know the neareſt diſtanc2. 


between them. 


If you look on the Globe for that Parallel, and imagine two pla» 
ces:\o {cituated, you will tind that a Meridian-line ( which is in this 
cafe the great "Circle leading between. theſe places ) will lead you a 


farinearer way between them than to go upon a Parallel or Eaſt and 


Weſt Line.” - | know in this caſe the Arch of a great Circle cannot be 
uſed, becauſe it goeth under the Pole where no man can'goz ) But 
make this an Example for the informing the Learner how it comes to 
paſs, that the direct courſe of bearing that leades from one place-to, 


addtber/is\d6t the neareſt way”, bur upon 'the Arch. of a great Circle | 


that leads between them. We come now to the ſeveral Caſes, and to 
the refolving of ſeveral Queſtions deduced from thoſe Caſes. 


—— C A g E % I, 
The Latitu Mas 
Longitude between them, to find the neareſt diſtance between 
. them; and the dire Poſition of the firſt plate to the ſecond, 
ind of the ſecond place Yewhy fi oe 


7 g 
bed ” 


a wt v-4-3 
; | 


| <1 SLOQI,Dh © 092 7 I thn CE - 
Queſt. 1c 'Admit: there be a place in North Linitude bo dep: O0'; Anc= 
ther ju:tbe Latitude of 50 deg, 00! North Latitude CO but +0 the Faſt- 
ward) and let the difference of Longitude between them; be 23 degt30/, 

I demand their neareſt diſtance in the Arch of a great Circle, the Tires 


Pofition of the firſt place from the, ſecond, apd of tbe, [erond) place, frops 


AG 4 I ſh by k ; 


Cs £5 : { F 
© # of? 


FF Y>.4 oy > 4 


A, = , $35 SF Vs I rey? 
2ST GAR 30 eo £ 23096 
In the Triangle A BD © | 
Let A Bbe the Complement of 40 deg. oo! namely 50 deg. 00/ 
Let BD be the Complement of 50'deg;'o6! namitly 40 deg. o0/ 


& 


: 
, . 4 +. 
* c® « - . - 
: -' LY £ : © 
. L f6e.7 % £0 ©. % & ©s 42. - & ? F oa I's 


Yer S140 1901) Mos. 8533%31) V3 Iv ; 093 81 

\Lenthe Hnglrat 8 be 23:depgg/lchs idiffertwce: bf Longitade tbe-/ 
tween them, ( then doth B repreſent the North-Pole ):and+A Dan '- 
Arch of a great Circle that leads between them 3 A is the Angle of _ 


- wy 


my A direct 


- Great Circle Sailing.” Ht Ti 


de of zWw0 places. being £2ven, and;the difference of 


of PH ju I ref Y + * 2 } * 44% 88 4 
ef } 1 3H G1 :i1C #2 #8h«# Db Ia5 
s $8 . 
4 bd . 
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[ e "a 4 "3 I > Ss } - x" Þ; wy 4 fy 4%. Wa; 
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Data, < 
" To tind B 


Great Circle Sailing. 


- - wwugruv 


atha » -* * 4 . AV a9 "_— Y _s 
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IT. dire& Poſition from the firſt to the ſecond, 
: andD thedirc& Poſition from the Eaſter - 
moſt to the Weſtermoſi, - Firſt then, to 
find the fide AD. 


Ge tne aGaacnt 


We. have two ſides and a contained. 
.Avgle given, to find the' third fide. If we 
Tet fall the Perpendicular DI, we have ( in 

the Triangle BI D, right avglcd atT) 


\ 


(BD 40 deg. oo'y | id 
Jo 23 deg. 0 co B + Radins,is == to 1.co, BD-Þ-2.B1 


DB x. co. 4O deg. OO! co. ar. 9.92 281 

B ve C0e 23 deg. 30" 9:96239 Ho 

w BIz. 37 deg. 35 9.388620. 
Which ſubſtraQed from BA 50 deg. oo! LETS 
Leaves I A. 12 dep, 25/ 
Now for A D. 

As 5. co. BI 37 deg. 37" Co.ars 0.101213 
1s to.s. co. TA. 12 deg. as” .. 9.98972 

So is 9.co. BD © 4odeg. oof 9884254 - 
To5..D A | 18 deg. 11 9.975188 


Thus you ſee the Jiſtance between thefe two places in the Axch of a 
great Circle, is but 18 deg. 11'3 which converted into leagues, at 20- 
leagues tO A degree, is 363 leagues 2 miles, or 10g r,miles, 


Next, to find the Angle at D. 


Tis certain, the Angle at D is above 90 degrees, and therefore Wwe | 


AS 


Great Circle Sailing. 


d: - mM. EN | 
As 5. BA 18 11 0.50376 


d, wm. 
Tos,,B -. 23 30 9.60069 1Yo0 00 
SO 7 BA $0 oo 9.88425 Tv 12 


To 5..D ES (08 > BEER 999070  C The rema.is ADB ror 48 


This 78 dep. 12! is the Angle of dire& poſition of the Eaſtermoſi 
Ship from the Weſtermoſt 3 namely, South 78 deg. 12' Weſterly, or 
wet Il deg. 48 .Southeily, which is Welt by South 37 deg. Sou- 

Yo 


.. Lafily, for the Angle at A. 


£ d. me 
AsAD s. 18 it 0©.50576 
ToB 7s. 23 30 9.60069 
SBDy. 40 00 9.80806 


ToA -©5. 67 09 9-96451, 


Thus the Angle of dire& poſi- 

tion from the Weltermoſt oof 
'\ to the Eaſtermoſt, is 67 4. og' 
\ /{ thatis,North 67 d.og' Eafterly. 


The like is to be underſiood of any other Queſiton of this nature. 


Thus then, if 1 were to ſet from the Weſtermoſt place, my firſt 
Courſe is found to be North 67 deg: 9' Eaſterly.z but you muſt not 
hold that Courſe long, but incline more to the Eaſtwards, as you ſail 
farther and fuxther : z as 1 ſhall ſhew hereafter how, 


& 


» 
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CASE 2. Ry 
Two places being in one Latitude, or Parallel, oy het beweh 
 diftance being alſo given; to find the difference of Longitude 


| between them, and the diret P > of the one place a the 
other 


weſt» 2. "Admit there be t two aver] in the Latitude of © thy 00" a 
ſtant in the Arch of a great' Circle ( which is their neareſt "diſtance *) 
1800 miles; I demand the difference of Longitude between them, and 
the Angles of dire Poſition from the firſt place to the ſecond, or from the 


ſecond Soak zo the firſt: + alſo--the Northernidft Latitude 0 will ſail to, 
$0 follow the Arch of a great Circle. . 


In the Triangle AB D, leagiee. Bto bs the Non Pale 


_ evanrareraneres -5» . - 


| 


vovonooe's You ener dnnnocernotrovcc.coooocucruvcc.» od nneaecc>cs --R 


= =" 


d. ills 
Et D Brepreſent the —— of the Eaſter- 
* moſt places, Latitude 40 OO 


Let AB be the Complement of the Weſtermoſ Pla-d 


ces. Latitude 7 40 OO 
Let AD be the neareſt diſtance of thoſe places in the p 
Arch of a great Circle 1800 miles, or 30 00 


And let it be required to find the Angle at Ac or D, their dire& Po- 
ſition3 


Great Cirtle Sziling. tx 
ſition 3 and the Angle at Bz the the Ne of Longitude between 
them 3 allo BI, the Complement of the N thermoſt Latirude in that 
Arch. by . 

The niſl make the neareſt Aifiance's the plac t tb be* 3o deg, 


oO! is, 08 that in a great Circle of th he. Earth 60 miles 45/2 degree, con- 
cluded upon by all ingenious men that have endeavoured to find the 


quod a degree upon the Earth, 
to 2mM1Ab 307 ff Doldnoib gi 4 C3 291 Dig 
.... Fox.the-reſolvihg, this Queſtion; Let Albube Copenicolas IBJand 
i divides pu Triafgle A B D into two right angled Triangles,namely 
| BY D, and BI AZ and in cach of theſe wo correſpondent things arc 
equal), Bb .BrAarecqual :. at if d.the Angle at 
D; in the rian Ne 81D, EW IT 2 NE "you fhnd 
ai dt. D it's half tme Se of NEE? x By ar — to 


oy —— g 
nn CIH a a2 RAS; Cf © ») bY 
54 ? hy oe If \ 


Firſt, for the ang: at : x 


2 a1 co. D þ Raditais = to 
DIithe half of D X* 't5 deg. "oO F \ fo C0, Ds By ! »D1. 


*&o eed D, the Angle of Poſition 


wa", a 7 


O>QYS NY I>.. \{ t co 
| d, {{1] £6 
a=e:415s 1 DB FRY 7 40 ID} 215, 77 'FO.O7GTS 
DI z. I5 0 «)* 11.7 (9542805 :! 
| OI 
$2446" a 4. 17 Dri I f< 12, ef: A « Ter Br oye ae 1 of? PHE ot 


DEL then, the firſt Goule the Eatfermoſi Gs ian 28, to,come 
the NEAT reli, way to the Weltermoſt Port, is Narth 71 degs 23/ Welter- 
ly Fa that is, Wett,and by North 7 deg. 22 Northerly,'; 

becauſe. the, places be both in one Parallel, therefore the, Weſter- 

moſt. NY mult ſieer Eaſk by North, 7. deg. 22/. Northerly,. at her fickk, 
ſetting wommghs Weftermolt Port, to. go. the neareft. way. to,the Ealter- 
moſt, * But, as* 1 WER intimated (90h theſe Courſes will alter to 


keep to a great Circle, and therefore care mult be taken CON s 6 
I ſhall ſhew hercafter. 


| Next, for the can of Longitude 1 the half of which is I BD. 


DB | 7 OE; 
Data. DI 5. 1D 4 Radiue, is =to s DB+.s.DBI. 
_ CRequired DBD AS R 
| | 7: 


* * 4% »% M4 > 83%. 1 7 * FOrs Oy T7 - os ur, + I 4 ok CORY Mat as FR. PINS, - .* No, 2 264 YL. »®: Q wir 1 OIRESEY SEP 
» : C i [IOC LN . 4 * 4.44 * . 7 \ b Pr "a 4A 
: . 
: 
. 
vs o 
Y bd 8 F49 
- # 
, nf F 
g ”oY. | Li 
FR I ” » 
(4 "4 v. 5 4 s , 5 Y * 
4 d *& v8 oP # *.1 o _ _ - £ ? hy, 
_— " 
. F © | ' 4 , 4 
4 » c ny , 
. 1 » , : 
$5.9 | & 


; + DB 40 OO 0.4m 0.19193 


4 


l +433 þ © 


3-7 t JCbs 1 
IC: 


And this D BI being doubled, is the difference of 


- Longitude required DBA 47 deg. 30” + —_ 


POL WA. 47 deg. 30 
Lofty, for BT, the Complement of the Northermoft' Latinute. © 
FEATITYD 4 TI% -- 44: mu tk paYLEKE KILL TLE3 S437 £74 10 


- 
% * * 


j 


\ Bid 4.00 15; not dir ed 1 LA tn os 
Date. 4D1 15 d. 00'$5.co. DB Radins,is =to 5.co. ID 9.001B 


£ i cs 
"#0. D1 15, OO . Cr... OQISOS 
bob BS: ..:: 1407007, 1... -: ;.."09,88405 

| ; : 44 & a+ __—_ an. re 


FS. co. BI 37 "at : 9.89930 


This 37 deg. 31' is the Complement of the Northexmoſt Latitude 
the Arch will carry you to. 4 


And thus:you fee to follow the Arch of a great Circle, you muſt 
ſhape your Courſe ſo, that when youare half way ( in this caſe )_ you 
muſt.be. in the Latitude'of 37 deg- 31'. | But ir's neceſſary in caſes of 

this nature, at your firft ſetting out, to calculate for every 4 degrees 
that you fail, a Table of dire& Pofitions, or Courſes, that will keep you 
in our Voyage near this Arch of a great Circle 3 which will be done 
as followeth, in all Voyages where the places be in one Parallet or La- 
titude, Alfo to. fer down'che Latitides that'this-Arch paſſeth by. * | 


: 
« 


CASE 


L. 


Great Circ » ny: : 27 | 


Two places being in one « Parallel or Thettull nd their dir 
diſt ance in the Arch of a great Circle given ;"'to find the 


direit Pofition for every 4 deg. 30 min. diſtance, /c ayli 
in that Arch, and the Latitudes that thi ym aſoib _ 


Queſt. 3 — hive be two plows inthe Latitude of ad o0' North- 
Lak and their diftance in the Arch of a great Circle ls 1 800 miles, 


or Zodeg, oo' 3 1 demand the Courſe to hgep to that Arch of 8 Girole: 
for every 4 deg. 30' of diftance ſailed in it.,, 


Et fall ha Perpendicular BI, which divides the Triavghe into two 
[= tangled: Friangles, whoſe fades avd Angles are-equal ane to - 
the #4 each to his correſpondent. Now: if, we begin in the Tri-- 4 
angle B DJ, counting the Arch of a- great Circle that leades between 4 
theſe places AD. to be divided from D, by the MeridiansB 1, B 2; . 

B3, Ba, B5,B C into en: parts, at 4 deg 30: (0.2. part, mt 
tothe Queliion. Here then, _ | 


7 bom 
hy . » . - - 


Gre Gi cl, $ » Fo 


F irſt, to hs BI the Perpendicular. 


CI D half the neareſt diffance * 154. ©0O'Y x. co. B D+- Rad. is 
Dx#ta. 0 BUR SHE P AURLENL, on _—— © ==100%%. 2D 1+. 
j\ Qeauird TBe ooo hong n No ate, 60 Bana 


oniiee) KEN - IP ( 7}, OF ao þ. CVHVLT ries Ya 
| RET $v'iks TH TOE L NO EIN KY BBB 0:0tFos"" Ks 
bm, co. BD 40 © OO | 9.88425 
| In 4 any ld ont 40, nh at $ Frauf? 
g 0s , , " pe SIP. 3 7 '% > As, f f "v.33 Y\ 3 9139930 TESY. ITY 4 


KP this C4 DUES 00 deg; is..the Noithermo Latitude that 
the Arch of a great Circle will er youto, Hartiely 52 deg. 2 9. LS, 
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Things being brought in this ord 20 to work, and ſee for every 
_of theſe diviſions or 4 deg. 30' ly ret, what Latitude we (hall 
be in, and what Courle we thogh ob! vnN keep to the Arch; alſo 
what Longitude we (hall mak make/at/ mY RN n as we go along and 


- ſet it down in a Tabulexavay A bran "a ſerve for the whole 


Voyage, or many Voyafes +. 
þ fr l. L of $6.4 hs from 


5. co. D 71 23 9: 504238 
280% 030 Sens] 21 e3bietb did JE enmiboggn] 901 lie 23 
'Next, be Bis Legal been the tn Pater A Bs 
't7 If rihgncl w Wt * ISCECES 


k. C0. DBI 23 45 _— 20:48 10/7886%) C301 
Which doubled, is ABD the difference of Longitude 47 deg. 30'. 


Thus 


. ee. -.5 "WF + A. 5 LT” oY "47 * La PP wh & EPS ng 334 i 9 VIEICN WA : We. 4 
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Thus then the firſt Courſe I ficer is North 7 1 deg. 23' Weſterly ; that 
is, Weſt North Weſt 3 deg. 57' Weſterly : ſet it down in the Ta” 
ble as you ſee here, and it will be read thus : 


At my ſetting out Pll ficer W N W 3 deg. 57! Weſterlytill from D 
I come to I. Ee 


Next, to find what Courſe I muſt ſteer from 1, which is 4.deg. 30" in my 


ways 


I 1 10deg. 30 
Paey1B 37 deg. 51'Þ I 1+ Rad. is=totr IB+ t.co Bil. 
Required B x I | 


| 
dt 


* 


"2 


OED JF 1 Ji C0. dts ON f&. C0: I0,11475 
I 1 5. Ic 30 9.26063 


Bilt.co. 76 39 19.3753 


The ſecond Courſe is North 76 deg. 39' Weſterly, that you muſt 
ſteer 3 which is Weſt North Wet 9 deg. 9' Weſterly. 


For the Latitude T am in at 1: 
de me 


BI 374. 31/5... BI 37 31 0.89936 
Pats I 10d. 3o'. co. | 1 IO .30 9 99266 
-CRequired Br. 


OO — —— 


5.c0.BI its co, 5I' .15 + 9.89202 


For the Longitude Ihave made at 1. 
d, m. 


BI 374. 31'ys. IB 37 '37 9.78461 
Das 1. -.10 d, 50/bt. I Io 30 10,73203 


Required IB1i.);,,1B1 16 56 10.41664 


) 


Here J conſider, that when I ſet out, IT found the Angle at B, namely 
I BD, to be 23 deg. 45', and nowl find the Angle TB 1'to be but 
16 deg. 56"; which being ſubſtraced from IB D, leaves 1BD the 
difference of Longitude I have made ſince I ſet out, namely 6 deg. 49' 5 


and fo I fet down in the Table the fecond line, which will be read 
thus. : 


yo ; 2 "380 | | ; EF) When 


x kt 
RE 


330 | Great Circle $ ailing. 
When [I have failed 4 deg: 30' of the Arch of a great Circle that 
leads between theſe two Places, | muſt ſteer Veſt North Weſt 9 deg. 9 


Weſterly, and muſt be then in the Latitude of 51 deg. 15", and tat 
have Weſt Longitude from the place I ſet 6 deg. 49'. 


TER + mT NT re M OF oy 
2 great COURSE. | Latitude. [Longitude.| 
HL 2 2 d. m. | d. m | d. m. 
| o oo [WNW 3 57 Weſterly | 50 coo | oo oof 
| 4 zo {WNW 9 o9 Weſterly | 51 15| 06 49} 
[9 08 1 7 45 Northerly| 52 o4 | 13 57 
13 3o |W 1 53 Northerly| 52 28 | 21 17 
18 oo |W 4 33 Southerly | 52 21| 29 29 
22 30 |W 9 01 Southerly | 5: 56 35 og 
| 27 oo |WSW 6 45 Weſterly | 51 00| 42 13} 
| 30 oo IW SW. ._3_57 Welterly | 50 oo | 47 30| q 
Next, for the Courſe at 2. 
, de ma 
I fubſizxact from I D 15 OO 
D 2 O©9 OO 


The remainder is 2 1 06 ©0 


I2 064. oo : 
Pas. $1 37 d. 31'ds I2 + Rad.is=totIB{-t.co.12B. 


CRequired I 2 B, 
a. 
I B t. cor 37 31 IO11475 
TY O6 O0 9.01923 
I] 2 Br.co. 82 15 9.13395 


"Thus the next Coufle from 2, muſt be North $4 deg. 15' Welicrly 
thai ded 7 deg. 45 Northerly. 


For 
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© For the Latitue at 2. 


d. m. 
. I2 064, 00's. co BI T7 35 9.89936 
Data. J B 37 4. zr'd co. I 2 06 oo 9.99761 
| Required 2 B iS, C8, B 1 37 56 - 9.89697 


The Complement of 2 B (here found ) is the Latituds you ars in 
2, namely 52 deg. 4'. 


For the Longitude at 2. 


| d. m. 
cIl2 064d. co'yt.co, I2 o6 oo 0.97837 
Data. J's 37 &. 31'S IB 711 9.78461 
CRequired FB 2.) ;,,, IB2 og 58 10.76298 
! This being ſubfiraRted from 1B D 23 deg. 45 


9 deg. 48/ 
Leaves the difference of Longitude I have made 2 BD 13 deg. 67 


B 


SS Os s- 
7 


; Ss $I5'> 


. 


_—_ nes 20 Cr0eUenec000c00 000cce ITT" 


T. 


Thus then, when I am at 2 in the Arch of a great Circle, I muſt 
ſhape my Courſe Weſt 7 deg. 45' Northerly; and to keep it, 1 ſhould 
| * Vy 2 be 


332 Great Circle Sailing. 
be in the Latitude of 52 deg. 4; and my difference of Longitude that 
I ſhould make, would be 13 deg. 57+ 


Next, for * Comrſe at 3. 
7201 16 40338 re 37 38 10.11475 
Data. Jis 37 & Wo FS. Qi.- 36 8.41791 
Required 1 3 B | 3 B t. co, 88 ©3 8.53266 


Thus the next courſe from 3 would be Weſt deg. 53' Northerly. 
To find the Latitude I am in at 3. 


d. Me) S.C0 B I 37 "s 31 989936 
ba 1 3o(r.o13 deg. 30 9. 99985 
required B 3 1.co.B3 37 deg 32' 9.89921 


The Latitude you ſhould be in at 3 1s 52 deg. 28. 
To find the Longitude the Circle paſſeth at 3. 


| d. m.Yt.co.l 3 I deg. zo 11.581932 
D, l 3 1 .30C4 FS 37 deg. 31' - 9.784610 
9 218 a7 1 — 
Required I B3 +. co: B 3 2 deg, 28' 1.366543 
From IB D 4 23 deg. 45” 
Subſtract1 B 3 herg, found 02 deg. 28' 


The remainder is the Longit. I have made at 3 21 deg. 17' 


If the courſe between 3 ad 4 had been due Weſt, it had ak rather 
better, becauſe the courſe for the firſt five degrees from D holding to- 

A, as it doth at D; whereas there is alteration,though not conſiderable, 
and ſo likewiſe between 3and 43 for from I to 4 is to the South- 
wards of the Welt, and from Lto.z to the Southwards of the Eaſt 3 
but theſe nicities canbreed no errour, but that you'will follow the Arch 
of a great Circle near _ becauſe you calculate t e” pattade at 
ach place. 


. Next 


Grent. Circle Sailing. 


Next then for our Courſe from 4. 


I confider from I to 4 it is 3 deg. 30 
And BI is given as before 37 deg. 3r. 


And B 41 is required. 


TH co 37 dep. zr' 10.11475 
I4s. 03 dep. 3o' 8.78567 
Balt.co 85 deg. 27" 8.90042 


And this courle is from 4. South Ry 85 te 7, that 1 is Weſt 
+ *s 33 voutherly. | 


Next for the Latitude at 4. 


d. m.Ys.co.Bl 37 dep. 31' 9.89936 ; 
I 4 3 -30(9.coI4 03 deg. 30' 9.99918 
Data. Y1 B 37 3d 5 ES EE a ATT 
Required 4 B Yr.coB4 37 deg. 39 9.89854. 


| The Latitude you ſhould be in at 4is 52 de & 21, 


For the Longitude 1 B 4. 
de me per 1. 
I4 3 30)t. co 14 a -20 1.21351 
Dar RET no I'B "0. 88 9.78461 
Required IB 4 t. co. I B 4 OJ 44 I0.99812 
Which being added to I BD & & 223 deg. 45 


. Gives the difference of Longitudeat4 29 deg. 29 


Next for our Courſe at 5. 

The diftance from 1 to 5, is given to be 4 deg; 3o' more than 
_ | d, ms. 
as (namely ) 7 ©0 

Es T7... 38 


Great Circl: Sailing. 


d. m. 
IB}, co. 8 10.11475 
I 55 07 00 9.08589 
I5B ?. co. 80 9 M 1.20064 


The Courle i is from 5 South $0 deg. 59' Weſterly , that is Weſt 
9 deg. 1. Southerly, 


For the Latitnde we ate in at 5. 


| A, M, 4IF7 
; cls 74. 00'Y co. BI 37 31 . 9.89936 
Dae B 374. 31 w co, I 4 O07 OO _9:99675 
Required By. J;,,.oBg 38 o4 9.8961 It 


The Comp. of B 5 here found, is the Latit. at 5, namely L deg. 51'. 


For the Longitude at 5. 
d. m. 


(5 7 4d. co'yI5 #.. 07 oo 10.91085 
Data. | B 374. 31 Fn fe 37 31 _9. 78461 
Required l By. JI B5g7t.w. 11 24 10.69546 


This 11 deg. 24 added to I BD mes 5 BD 35 deg. 09. 


Next, for ozer Courſe at 6, 


d. Ms 
' 5 mo jentold- 37/5 10.11475 
Das $18 37 &. 3rd 1 6 1390: _ 9e-33333 
; Required Bol t.co, 16 B & 1% | 9.45008 


The Courſe is from 6 South 74 deg. 15' Welterly z that is, Wen 
South Weft 6 deg. 45' Weſterly. 


For the Latitude we are in at 6. 


| Gu 
(Is 11%. 30'y..coBI + 37 31 - 9.89936 
Das FI 37 &. 9 I 6 IT 30  __9:99119 
i... CRequired B6 


I r.ceBs $y::i00-: :; 989055 


i ” b-69.1 "Fa : - fy | Ss - < 4 
% = Oo By. LY r ; 2 "Y I} x7; pf Fick. "oak 
I ww [1 Fr % ? yt 5 LOW * " 1 "4 S "0 N j f 
: # L b % £ 
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The Side found here, is 39 deg. its Complement is the Latitude 
51 deg. 00" at 6. 


Laftly, for the Longitude at 6. 


CS d. m. | 
x15 11d. 3o'yI6t.c «11 30 1069153 
Data. A Te BS. $7 39 9.78461 
 CRequired IB6.)1B6z.o, 18 28 © To.4761, 
This 18 deg. 28/ added to 23 deg« 45" 
Gives DB 6 42 deg. 13/ 


- To prove your work, you may find the Longitude that will be made 
at A, and the Latitude you ſhould be in there, thus : 


d, m. 
IA 154. oo'YIA to. 15 Oo 10.57194. 
Dag  .- we B 5. 37 31- 9.78461 
Required ABI) ABIz.c. 23 45 19.356 55 
| WY, " 
The Longitude that is made from I (ailing to A, is 23 45 


| Which added to the Longitude made, failing in the ſame 
Arch from D to, equal to it ; *2 4? 


Makes the difference of Longitude DB A a7 30. 


And thus you fee, that if the diftance from D to A be 1800 miles 
or Zo degrees in that Arch of a great Circle, and that the two places 
D and A be in one Parallel; the difference of Longitude between 
them is 47 deg. 30'. Now this difference of Longitude, if it had been. 

run up in the Parallel of 5o degrees, would have made the Run longer 
than to follow the Arch of a great Circle, by 32 milesz which though 
it be not much in this caſe, yet it ſerves to ſhew that the Arch of a 
great Circle is the neareſt way, ( which (ome that do not underſtand 
the nature of it, will not believe: ) and in other caſts you will (ce a 
great difference, as hereafter we ſhall ſhew.. | 


For 


- 


#24 ; p 4 Ko9s of WT” "RE. re 4 i” et ot 
nd, \ : -'- *) Fw foe ; 5 A's « LARS oe. iis. VT / 4 + Log” ws CERN ,u * 00 ht » + ES 4 0p 7 - 
" . «x ew” "$8, ye. © 8. | _—_— I > - : td a3. Ws te To” 5 4, © Mf P : oo - 4 & vo - Wo — {2 = s - 
ae he i Od Ao ES IE ie oe a * FS ht : « Ne ng, 
or \ Fa » * . F "4 De s " 
n 2 —"W * 
* +* 
, 
. 
; . v - , 
A 4 » x 
: - . , # - 
, & s 4% 
. 
% 
a? 


43 ++ +: For the Latiuzde. you. (hall be in, at A." 
"28 $0 


| (1B 374. 31 co. Bl 27 3I cl MY 9.89936 | 
Data. J = 13 ds ooh co.l A 15 OO 9.98494 
CRequired BA. D,,ov@ BA 40 OO 9.88430 


"Whole Complement to 90 deg. is 50 deg. oo" the Latitude you 
- ſhould be in at A. « 


And thus for. any Voyage you may calculate your Courſe as well to 
every lingtc degree, 2 degrees, or for every five degrees that you fail in 
the Arch of a great Circle, ( which is near enough ) and allo ſee 
what Latitudes and Longitudes the Arch will go by at your firſt (et- 
ting out, that ſo you may order your- buſineſs thereafter in the Voyage, 
I am willing to be the/larger in theſe things; becauſe they be of great 
conſequence z and I would have all men uſe this way of failing, where 
they can. 


"CASE, 4. | 
Two places being propoſed, the one in the Latitude of 1 7 dep, 
12 min. North Eaſt, the other in the Latitude of 50 deg, 
oO Min. aud the neareſt diſtance in a great Circle of the ſame 
being alſo known; to find their difference of Longitude, the 
 dirett Poſition of the firſt from the ſecond, and of the ſecond 
from the firſt, 4-4} 5s 


Queſt. 4 Admit that T ſet from the Lizard Iying .' in North Latitude 
5o deg. OO, and am bound to Barbados, which lieth «n North Lati- 
tude 13 deg. 12', and is diſtant from the Lizard in the Arch of a great 
Circle, 57 deg, 03', or 3428 miles, between the South and the Weſt 3 
® demand the difference of Longitude between them, and the Angle of 

\ Poſition from the Lizard to Barbados, as alſo from Barbados to the Li- 


zard, 
Erc Brepreſents the North Pole 3 then muſt d. mM 
B Abe the Complement of the Latitude of Barbados, 76 49 
B D the Complement of the Latitude of the Lizard; 40 ©O 
- AD the neareſt diſtance of them, 57 OS 


And let it be required to find the Angle B, which ls the difference of 
Lovgitude. The 


The de A 


The ſide BD is 
The differences 


The half difference 
The half of AD js 


s. BD 40 
i: 
So Sum 6 $g 
s. Remainder | 


s. half ABD 


- Which Doubled, is 54 4 deg. 00! ' the differcnce of Longitude. 
Thus then the difference of Longitude between the Lizard and the 


4. 
Bis 


Great: Cardle Sailing. 


Ns 


76 48 


40 oo 


36. 43 


18 - 


28 ny | 


Sum 


Remainder Ts) 


d. m. 


IQ 


46 58 
to 


C0, ars ; 


C0 at. 


27 deg. | oo 


2 


Ifland of Barbados, is (at this rate) 


Ads 1 
ls to s. B 


So is 5. BA 


DA 


©1+4 @ ®@ Y AGLACELLSELETETT 


0.19193 
0.01162 


9.86389 
_ $-24677 


19.31421 


9.65719. 


54 aege 00" 


Next, far the Angle if Poſtion at the Lizard, D. 


d. 


2 deg. 10' Oe” 


* 


mM. 
08 
'>[e) 


C0s ar 


48 
To 5. D (its co. to 180 deg. ) 69. 40 


d.4 Fi 


0.07575 
vos 195 


iD 


s 
og 
& 
* 

.n& 
_ 

* 
® 
had 
» 


_ 


1 # 


99837 


"Fn 


Thus then the Angle of dire Poſition from the Lizard, is 6 9 deg, . 
40' 'to the Weltwards of the South 3 that | is, Weſt South Wei 


"& Y 
» 5 . N * »# ug 
£ . wv 8 ” 
. s [ LS. i 
py » 
J+ 
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FY 


_  Liftly, for the Angle of Poſition from Barbados, A. 


d, ih 
M4 + DA- © $7. O87, abies - 0.07575 
0s. Þ ..  - $4 00 9.90795 
-poiss. DB 40 00 __ 9.80806 
To s. A 33 15 : | ©9.7 9176 


It is evident then, the firſt Gourſe you ſteer from Barbados, is North 
38 deg. Eaſterly 3 that is, North Eaft by North 4 deg. 30o' Eaſt- 
crly. 2 : | 


CASE: x. '-+ 
The Latitades of two places being gow: and the difference of 
Longitude between them being alſo known ; to find their near- 
eſt Than in the Arch of a great Circle, and the direft Poji- 
tion of the firſt from the ſecond, and of the ſecond from the 
firſt ; and by what Latitudes and Longitudes the Arch of a 
great Circle paſſeth. Te: | 


Queſt. 5. Admit IT ſet from the Lizard, which is North Latitude 50 deg, 
oo and be bound toBarbados, which is in North Latitude 13 deg, 12' 
' and if Barbados bath Weſt Longitude from the Lizard 54 deg. oo! ; 1 
demand the. neareſt diſtance of theſe places, and the Angle of direft Poſi- 
t:on from the Lizard to Barbados, and from Barbados to the Lizard. 


I d. the 

FJ Ere in the Triangle A.BD, we have given BD, the vs: 6 hog 
I-4- Complement of the Latitude of the Lizard  _ os 9 
B A the Complement of the Latitude of Barbados © 76 48 
And ABD the difference of Longitude between them _ 54 ©o 


— . ” 


F irſt then, for A D, the neareſt diftance between them. 


Lt fall the Perpendicular Al; and then we have given in the right 
anvled Triangle AIB, pals 
Snags AB 


_ſ #6 4 Lag 4&5 , 3 FA «ft _ ada Fr - An +; mk ne 
\ 7 = £ q Y ” k 4 3 Ck - - 4 » & «\ 0% Y 
; W420 þ a Q q \ Ms .- y *\ 1 . Wl & : Gy 4 4 HA . 4 MM 4 Ch: ng TNF jp » £5 IF £ __ 4 S 
* : 6 bogs af . : 5 Y o Þ "1 _ *" 
Wy ny . » # = c 


Great: Circle Sailing. - 


& ut 
AB. 76 d4..48'Yt. BA , 76 48 
B.j 1:54 4. 00 duc Þ 2 29 :) $$:1.06 a Lp % 
*Tohind BI. DJ; ' BY "68 14 10.39897 


As 5.co. Bl 68 14 © _ . 0.43032 
Is tos, co, DI 28: i 14 9:944g8 
Sois 5.co. BA - 76 . 48 ; | 9.35860 

To 5. DA 57 od 9.73440 


| This $7 des. o8' converted into miles, at 60 miles to a degree, in a : 
great Circle, gives for the number of miles between them 34 deg. 29, 


| Secondly, for the Angle of diref Pofuion 
fromthe Lizard D. | 


# 


= d. mr 
As s. AD 57 OBS co.ar. 0.07575 
Is to rs. B 54. 00 9.90795 ; 
Sos. BA 76 48 9.98837 D 
To-.D its co. | : 
ro80 4ADIF 7.6 ME ae Cell 


The Angle of dircCt Poſition of Barbados from the Lizard, is then - 
| South ' 69 deg. 40' Weſterly 3 that is, Welt South Weſt 2 deg: 10' 
Weſterly. * + | | Þ 


L iſt ly, for the Angle at A. 


AS oo Ms | Ne 

1 Atv AD: 54 08:1 emer |; 19, 1 OOPSIS 
Isfe:B ::::4 54: 0 .1221-, 9:90795. 
So is:s. BD $0100: colt Ibo UA 2; 9.80806 
204-0 .-: 38 .15 po ns 9.75176 


| The Angle of Poſition from Barbados to the Lizard,is North 38 degs 


15' Eaſterly 3 that is, North Eaſt by North 4 deg. 30' Eaſterly. The 
like for any other of this kind. 


* X x 2 We 
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" We have found the neareſt diſtance betweeri the Lizard. al Bar 

bados, inthe Arch of a great Cirdl, to be 57 degi"08/, or- 342Bmiles; 
abd allo the Avgle of Poſition from the Lizar d t0- Barbados to be o 
69 deg. 40'3 and the Angle of Poſition from Barbados to the Lizard 
to be 38 deg. 15'. But now, > 

Admit ;1 would know by what Latitude and Longitude this Arch 
_ of a'geat: Circle doth paſs, that ſo I mayet_my buineſs in order for 
the keeping:a Reckoning from one of theſe places to the other, and'to 
follow this Arch as near as I can. | | 

I have ſhewed in 2weft. 3. how to find by what Latitudes and Lon- 
gitudes the Arch of a great Circle doth paſs 3 but that Queſtion was 
wrought in an'Example where the places were both in one Latitude; 
but in this caſe they be not in one Latitude, which differs ſomething 
from the former: and therefore 1am willing to ſhew an Example of 
it. Alſo, ghat was wrought for:degrees given'upon-the Arch of a'great 
Circle, thisfo-every fifth degree of Longitude between the places. 

Suppoſe then, that I would know by what Latitzde this Arch of a 

| > qr paſſeth, to every fifth degree of Longitude, and the 
Courſe. FE 


(Gn = I In the Triange ABD, 


Let D be the Latitude of the Lizard;-whoſe Complement 
Af Latitude or diſtance from the North Pole, is D B av. 9» 
Let A be Barbados, whoſe Comp.” of Latitude is A B 76. 48 
The difference of Longitude ABD is F 34>. 2", Od 11100 
The Avgle of dire& Poſition from the Lizard is BD AY _. 1.) 
110 deg. 20', whoſe Coteplement to 180 deg. " 69 40 
ADR, the Courſe from the South 


For the doing this Queſtion, ( in the preceding Figure ) let fall the 
Perpendicular Bl, which will fall without the-Triangle, becauſe the 
Arch of a'great Circle directs it (elf to the NÞptthwards of the Eat, as 
you may lee by the Angle of Poſition but-now:found i: for.where the 
Perpendicular falls from the Pole, upon this Arch is the very Noxther- 
molt point orLaticude that the Arch goes through, and muſt therefore - 
be the place where the Perpendicular falls; becauſe there onely the 
Angles-of Poſition ( to keep that Gircle ) would be Eaſt and Welk. _. 


- A by b # | + $ 
o % ” ” o i % , 
WW i. # + © ww $* , 
p, 
Oo 
C 7 * 
RY _ * 
a * - T 
7 Y [ P © ”— ©» ” % 
4 


: I TY" d % 5 {n e + YN » 
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Firſt then, to find the Perpendicular, which wuſt be our firſt work, t 


RN 


EN We have piven in the TriangleB1 D, right angled atI, q 
| d. Me 4 
BDI=to ADR Hy, 69 40. 


D B the Complement of the Latitude 40 oo 
And I B thePerpendicular is required, _ -_ 


EN 
% 


: SE i. AES 
- 5, BDI 69 "40. . +  $97205 
s. BD 40. ©O = (hoo wous 5. 
- | s. IB 29-04. -. , 9:78601- 


Thus the dt BI is found to be 37 deg. 04 IN is the 
Complement of the Northermoſt Latitudez it reac 52 deg. 
56' from the Pole to the great Circle, 


ib 


Next, we muſt find the Angle of Longituds that this ney makes 
without the Triangle-A B D, Fong VP I, | 


A ay R 
” , "= o * y wo " "i £ 
5 L . _ 


x 
| - 


. CIDB 694. 40'}t.c. 1D B Fl ao C0, Yr 0.43112 
Pas D B 404, oc Ry co, DB 40 oo Sn 9.89425 
Required D BI. >4,.-DBI 25 © 49 10.31537 


Theſe being found, 1tt us proceed, to, find, by what Latitydes this 
Arch of a great Circle paſſech From. D 'to' A,. af every. five; 3 ul of 
' Longitude 3 and {0 the Courſe or Angle of Poſition at thoſe degrees 3 . 
IBE is 30 deg. 49%. 5 


"2 firſt, for the Latizude. ate, in.the Triangle LBe..- 


IB 37d. o# }t.co, Bl 27 "os  ©.12183 
= B e 30 d. 49' C's. co. IBe 30 49 -  - 19493389 
.Required Bee "rcoBe 41 20; +, UPD$572 


hls 41 deg. 20' is the omplement of the t rude at,.e,; 48 deg. 
-3o'; ſo that at ewe Ko were in that lai le. A 'T muli ſicer 
Welt South Wei 2 deg. 10' VVelterly, from D to e. For 


» oy” — Re EE is Woe” 0 ONS ide. 
Of al a fed? ee IS: ee re in tt 
Ws : 994 s = 
: 


Great Circle Sailing. 


For the Courſe frome to f. 
TEE 6. So Wi I 
Ss, 37 & 033% BI > - 37 — 86 ' 9.78013 
Data. | c | 


\ Be 414. 20 
Required Bel. 


s eB 41 20 0.18016 
"4: Bel''' 65 52... * + ig,96029 


For the Latitude at f. "Th 


VE Tg RD A | i 
IB 374 og?rclBf 35 49  ' 9.90896 
Data. TBF" 35d. 49'St.co 1B 37 04 > IRI00 

Required BF, 5, co. BF 42 55 A, 0.03079 


Thus from e to f we muſt ſteer South 65 deg. 52' Weſterly, and at 
f we ſhall bein the Latitude of 47 deg. 02”. 


For the Comrſe from f to 0 " 


4 IB 374. o4'/7s. Bf 42 58 car. 0.16665 
LEE 


Bf 42 oF > 19 37 - 04 . 9.78013 
NR 3D 680 Mc 2 924679 


- 
Lf *» 


. 
. 
- 
o 
” . 


_— 


Ce EIN , Forthe Latitude at g. IT Eae and 
| | B 37 de oy Nore, L adde at every Station the Angle of 
wy By 40d. 49 Longitude 5 4. increaſing the AngleT BD 
REWereT; B & ſo cara at Nog ONT ag 
ES Fe C0. IBg g. 40 49 0.87898 
t 0B * 37 00S _ ©.12183 
f. C0. Bg ©:...44 Wt 10.0008 / 


we [hall bein _ Latitude of 45 deg. 03/. 


- wa oye wenw©y tr tr eg I Ie *xS$y 4 - 


-F or the Courſe from gtob. 

IB 374. 04 J 7: Be" 44 57 

Data. By 444. 5735. 1B 37 04 

.-. {Required Ig P. Yo 1g B': 59 34 
For the Latitude at þ. 

d. mM. 


(1B 374 oxyia. TBÞ" a5 "49 
Das31BL 45 d. 49'pt.co. IB 37 O4 


Required Bb. )z,co, Bb 47 18 


For the CE from b to ke 
& a 


i - 27 Fe 04'Y #. Bh "1. 47" 1 /- 0. &r- 
Data. <Bh 42d. 42'>s. 1B 37 O4 
CRequired IB þ. 5. 16bB. 55 , 06 


343 


þ F to g, We -muſt ſieer South 62 deg. 22" Weſterly and at'g 


0.15089 


9.78013 


-, 9.93102 


9.8432. 


IO0.1218 


9.9650. 


0.13376 
feed 


9.91399 


544 


I 


"The Laticudes the | 


The Cole. at every Boe le rees of Lon itude 
Wo paler F- that the Arch palleth by. , | l 

>" "es ke WT Es 71 ie © 4g ns 

[Ate . 38 36 From MY © e Wew 02s 10 © Weſterly. 
At f 47 o2|Frometof S,, +» 65 52 Welterly.| 
At 49.03} FromftogS,., .. 62. - 2 Welierly | 
Ath 42 won, BS: Weſterly. | 
Ath 39 $5{Fromhtok $ 55 06 Weſterly. 
At / 36 38 [From ktolS' 51 - 48 Weſterly. 
Atm 32 50|Froml to m -._ 49+ 34 wy. | 
Aen 285129 Frommton 8/7 5 | 4g 150. Weſterly. | 
Ato. 23 30|Fromatoo'S  * 43 17. Wefterly | 
| Als 17 58|Fromotop S 41 05 Weſterly. | 
At 12|FromptoAS 3 Of Weſterly. 


For the Latitude at vs 
PF "Mm. 


bk Bf | 


C0. at. 


SL 04” $00, IBk 50 '49 
Bk 50d. 49'Ft.co IB 37 04 
Readiees Bk. P's: 69: Bh 50 og 
For ws Gp from ktot.. 
Ho a. 'm. 
We [6 Fit 560.05 
Data. i. TB 37 04 
Bcd 1 "oY > Rs 1 
For bh Latitude at h\. 
” 2 Pug 
IB 374. 04').s.co. IBF 55 49 
Data.4IBI 55 4. 49'pt.co. IB 37 04 


.CRequired B 7. 


t. co. Bl 63-22 


9.80058 
0.12183 


9.92241 


0.11521 


- 9.78013 


9.89534 


$.74961 
0.12183 


9:37144 


For 
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For the Contrſe from | tom... 


OM we 
{BI 374. 04's. BI $3 .22. C0. &fo 
Data. «BI 534. 22'ps. Bl | 5, 
: Required I }. \, I 49 34 


For the Latitude at nM. 
. fc d. Hr 
» B 37 4.-04') 1.co. IBm G60 49 
Data, 1 Bm 60d. 49'&t. co. IB 37 O4 
' CRequired Bm. I4,co, Bn "29 +10 


For the Courſe from m to 1. 


_— 


| | | | | d. Ms 
<4qB1 354 offi im © $5 20” 607 

Data: «Bm 574. 10ps. Bl 37: oq4' 

Required ImB.J,, T,,B 45 50 


For the Latitude at n. 
ER. 
t.co. IB - 37 -04 
f, co. IBn © 65 49. 
t.co, Bn | O7-- 32 


* -eB& 374. og 
Data: 4lBn 65 4, 49 
Required B 7. 


Boy the Courſe from n 89 Ge. 

ELIE Eo I LE TT 
CBI 374. 04'y)s. BB ' 37: 04 
Data. <Bn 61d. 32'>s. Bn OIL 32 
Required | 1 B, i, i n = 43 17 | 


. s x #*do , . , 'F 
| HS On. Y y 
_ * 37 whe 'Þy "hs 


, a % "Y 
3 \ 


” »* as % L ry FEE " Fe 
q ; ” I "IA $4 5 & , .p* , ry A" -. 8 4d aid t "y 
4 Io , v7 & vhs 4... TV, 4 hats , FE "Wt ; * "" A * 
+. <2W of -4 4 2 bo”; hn (yt Y x . 05 x y X pf : - p - 
SP 3 123 3 had. xs hed oh. Mk £94 q - i 
j A o x 
W 
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O-IOI3q 


—$:78013 


9.88144 


9.68806 
0.12103 


"9.80989 


0.07559 
9.78013 
9.55572 


0.1 21 $3 
_9.61242 
9.73425 


F.; Ad 4 ab LAs Fe WII 
LOR + oO SLED 
y "oo - "SOM WE W92S 
4 F - 
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For the Latitude at 0. .. 


| de Mhe 

(BI 374. 04'Yt.co, IB 37 os 

Data. 1 Bo 704d. mo co. IBo 70 49 
Required Bo. 


— * 
"4 


For the Courſe from o to þp. 


d. m. 


(BI 374. 04YIB s. 37 04 
Dae. 3Bo, 66 d. wo Fj 66 30 
 ToBr. ' 4X j05 


Required I oB. 


LV 


For the Latitude at þ 


d. Mme 


BI. 374. 04'yt.o. IB 37 o4 
Dae. Lt By 754. mw co. IBp 75 49. 
t.c0. Bp :' 72..-D2 


CRequired B p.. 


For the Courſe from p40 A. 

PR 7 d. m. 

BI 374. 04'ys. Bp 72 O2 

Data. 3B; 72 4. oz'd.B | $7.06 

7% Required Bpl),,Bpil 39 18 
For the Latitude at A. 

d. mM. 


BI 37 4. Ne bi 27.00 


Data. 18; 79 d. 49 P Se C0: IBp 79 49 
Required AB. £, C0. A tt 7 6 48 


» 
- 


t.coe Bo 66 30 


C0. Ar. 


C0. Fs 


0.12183 
9.51665 
9.63848 


9.78013 
0.03760 


_ 9.81773 


0.02171 
9:78013 
_ 9.80184 


0.1218 3 
9:24747 


9.36930 


Thus you ſee when .you come to Þ, you will be in the Latitude of 
17 deg. 58'. Now I would wiſh every man to havl into his Latitude, 


before he runs bis Longitude up 3 and therefore, when you are at-o, 


you 
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you may-leave the Arch of a-grcat Circle, and ſteer more Southerly, ſo 
as that you may get into 13 deg- 12', before your Longitude Is out, by 
: x00 leagues at leaſt, for fear your Judgment ſhould be out in counting 
your Longitude. And thus having calculated your. Courſe, and the. 
Latitrdes by which the Arch of a great Gircle paſſeth, it ſerves for any 
Voyage from the Lizard to that place. 


You may calculate your Courſe to every ſingle degree of Longitude, 
if you will 3 but this (I think) is near enough: for though the Courſe 
* alters by little and- little, yet not ſo conſiderably as to require me to 
ſteer any. otherwiſe than in this manner. 

To follow the Arch of a great Circle, I believe a man might come 
near the Weſtern Iſlands 3 but it's a commoen thing, and they are very 
bold ſhores, and no danger about them, but what is to be ſeen time e- 
nough. os | 


CASE 6. 
Admit I would know how far T ſhafl ſail upon the Arch of a grea 


Circle, to alter my Courſe any number of degrees of the Com- 
paſs propoſed, and alſo what difference of Longitude I ſhall 
make, and what Latitude I ſhall be in. 


Queſt. 6, Admit I ſet from the Lizard, end be bound to the Iland'of Bay- 
bados, and the firſt dire Courſe that I ſteer from the Lizard, be Weſt 
South Weſt 2 deg. 10' Weſterly, or South 69 deg. 40' , I demand how 
far T ſhall ſail before I alter my Courſe 5 deg, 00' to follow the Arch of 
a great Circle. | | : c | 


| Have ſaid, that to follow the Arch of a great Circle, the Courſe al- 
ters by degrees, and not at once: fo that though at the firſt (et- 
ting out at D, I ſteer Weſt South Welt -2 deg. 10' Weſterly, yet the 
Courſe muſt alter gradually. Now the Queſtion is, how many miles 
I ſhall fail, to alter my Courſe 5 deg. oo'. | DR” 
Imagine we muſt come to R: from-D, before we alter our Courſe 
5 degrees 3 then the diſtance DR, js the thing here xequized. 


. Now for the finding it, we have in the, right angled Triaygle BID, 
the Angle BD.I, {it being the firſt Courſe at your (erting out*from 
D=to AD'p) and the Complement of the Lifltade of the Li- 
ge a Bor9”” Yy 2 | zard 


* 
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For the Latitude at o. _ 

. "Ms * 

(BI 374. 04'yt.co. IB 37 os 
Data. 1 Bo ; JO d. 45'S IBo 70 49 
_CRequired B o.  *®t.co. Bo 66 30 

For the Courſe from 0 to þ. 

fd. Wo 

CBI 374. 04YIB 5. 37 O4 
Das. 3Bo, 66 d. wo v, 66 30 
_CRequired IoB. IJ ans. 41 05 

For the Latitude at pe 

d, mM. 

BI. 374. 04yt.o. IB 37 os 
Dae. L By 75 d. mo co, IBp 75 49 
CRequired Bp. ®;.. 8B Þ 72.62 

For the Courſe from p-to A. 

| | d. m- 

(BI 374. og'ys. Bp Fe. v8 
Data. AT 724. oo Bl 37 O4 
+l Required BpL ),,Bpi 39 128 


For the Latitude at A. 


| FE 1 

CBI 37 4. 04')t.co. BI 
Data. J18; 79 d. mo co. IBp 79 49 
Required A B. I;, AB 76 48 


” 
OY 


37 04. 


C0. at. 


C0. af. 


9.78013 
903760 


9.8 1773 


0.02171 
. 9-7 8013 
_ 9.80184 


0.1 2183 
9.24747 


Thus you ſee when .you come to Þ, you will be in the Latitude of 
17 deg. 58'/. Now I would wiſh every man to haul into his Latitude, 
before he runs bis Longitude up 3 and therefore, when you are at- o, 


you 


SORT eng Cr > , R 
Ls + n f - ths. 4 4 War, 
4 wg Py OT .F ' Rt, hs WA 
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you may-leave the Arch of a-great Circle, and ſteer more Southerly, ſo 
as that you may get into 13 deg 1 2/, before your Longitude is out, by 
' x00 leagues at leaſt, for fear your Judgment ſhould be out in counting 
your Longitude. And thus having calculated your. Comrſt, and the. 
Latitredes by which the Arch of a great Gircle paſſeth, it ſerves for any 
Voyage from the Lizard to that place. 


You may calculate your Courſe to every {ingle degree of Longitude, 
if you will 3 but this (I think) is near enough: for though the Courſe 
* alters by little and little, yet not ſo conſiderably as to require me to 
ſteer any. otherwife than in this manner. 

To follow the Arch of a great Circle, I believe a man might come 
near the Weſtern Iſlands 3 but it's a commoen thing, and they are very 
bold ſhores, and no danger about them, but what is to be ſeen time e- 
nough. Sy : 


CASE 6. 
Admit I.would know how far I ſhall {ail upon the Arch of a grea 


Circle, to alter my Courſe any number of degrees of the Com- 
paſs propoſed, and alſo what difference of Longitude I ſhall 
make, and what Latitude IT ſhall be in. 


Queſt..6, Admit I ſet from the Lizard, and be bound to the land'of Bay- 
bados, and the firſt dire Courſe that I ſteer from the Lizard, be Weſt 
South Weſt 2 deg, 10' Weſterly, or South 69 deg. 40' , I demand how 
far T ſhall ſail before I alter my Courſe 5 deg, 00' to follow the Arch of 
8 great Circle. | | : © | 


Have ſaid, that to follow the Arch of a great Circle, the Courſe al- 

ters by degrees, and not at once: fo that though at the firſt ſet- 
ting out at D, I ſteer Weſt South Welt -2 deg. 10' Weſterly, yet the 
Courſe muſt alter gradually. Now the Queſtion is, how many miles 
I ſhallfail, to alter my Courſe 5 deg. oo'. | ODEs: 

Imagine we muſt come to R: from-D, before we alter our Courſe 
5 degrees 3 then the diſtance DR, js the thing here xequixed. 


. Now. for the finding it, we have in the, right angled Triagele BID, 
the Angle BD.I, ( it being the firſt Courſe. at your ſerting out-from 
D=to AD p) and the Complement of the Liltude of the Li- 
NT Yy 2 | zard 


_— 


_- 
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zard DB 3 to find the Perpendicular B 1, which we did in the la Ex- 
ample, and it is 37 deg. 04/. 


And then find 1B D. with the Gine things ( we found i it in n the lati 
Example to be 25 deg. 4.9/ «} Fe 


| 
$o that in the Triangle BR [, right angled atT. welave given, 


Fe, 4 me. is 
BRI 64 40 ft. COe. 0 BAC: 
The Perpendicular I.B 37 04 TFY 9.87816 
: Tali, 20 596  9:55339 


Secondly, for: DI. 


: di mi 
(BI 374. og'yr. BL 37 04 9.8781 
Data. v1D B 69 77 þ (od f, co, 1 D B 69 40: | 9.5685 
equired DI.. ).;, DI 16. 15, 944469 
VVe found R Ito be 20 57 
From which ſubfira& D I now FREY 16. 35; 
The remiainder.is DR required | 04 42 


Thus you ſee then we mult ſail 4 de - ae on the Arch of A-Sreat 
Circle, before you need alter your Cour deg of the Compaſs 
every. 


* 
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' every degree pon the Arch of a great Circle, is 60 miles © {o that this _ 
4 deg. 42' is 282 miles. 


a 


Next, for-the Latitude at R. 


If you ask how the Angle B R1 was given in this and the laſt Ex- 
ample, you may note, the Queſtion gives the Angle at R, to dit- 
fer from the Angle at D 5 degrees 3 which muſt make 1 R B 
5 degrees leſs than I D B. 


d. Ms : 
(BI 374. o43s. R 64 40 Co.ar. 0.04391 
Data. Js RI 64 d. 4'F- BI 37 0O4 9.78013 
Required B R. RB © 4 .50 9.82404 


This R B ſubſiracted from 90 deg. leaves the Latitude this Arch 
 paſſeth at R 48 bg. IO, 


Lafth, for the difference of Longitude D BR.. 


a d, m. 
1B 27d. 04'3t. BI 37 O4 0.87815 
Das SR B 41d. 50 gy co BR 41 50 0.05319 
.Required IBRD;,oRB1I 31 22 9.93135. 
| d. mth | | 
18 374 0431. [BI.- $9: 04 0.87916. 
Data. jo D | 40 &. 00” 6 t.co BD 40 oo 0.07618. 
CRequired IBD. Jv IBD 25 49 9.95434 
Here we have found I BR: tobe 312-92 
From: which ſabſira& 1B D 25 49 
And the remainder is D BR the Longitude har] YL E 
is made. at R required.. * I 3F 


Great Circle $ ailing. 


FE CASE 7. we 
The Latitude of a pw given, the neareſt diſtance of that place 
from another, being alſo given, with the difference of Longi- 
tude between them ; to find the dirett Poſition of the other 
from it, alſo the Latitude the other lies in. 


Queſt. 7. Admit the neareſt diſtance from the Lizard to Barbados be 3 4.28 
miles, or 57 deg. 08', and that Barbados hath Weſt Longitude from the 
Lizard 50 deg. 00”; 1 demand ( provided the Lizard lies in the Lati- 

tude of 50 deg, 00") what Latitude Barbados lies in, and the Angle 
of Poſition from the Lizard to Barbados, or from Barbados to the Li- 
zard. 


N the Triangle ABD we have given the Longitude between 


them, & 
DBA 3 06 
D B the Complement of the Latitude of the Lizard 40 Oo 
D A the neareſt diſtance in the Arch of a great Circle 57 08 


A 


== 
Firſt, for the Angle of Poſition from Barbados to the Lizard, A. 
| " 00 op , 

3 & DA "49 ob © <@: ': 2 - DOT975 
To Js. B 54 OO 9.90795 
So 75. BD 40 OO _ 9.80806 
To .. A 38 15 : _ 9-79176 


After 


Great 


After the ſame manner, if 
Barbados had been the Latitud 


| d. Mm. ; 
(BD 404. oc'yre. BD 40 ©0 0.92387 
Data. JDBr 54 4, 00'$1 BI 54 OO 9.76921 
ED Required BI. 2; BI 26 15 Ps poop 
| d. m. 
As So C0e BD AO GO C0: aro 0.11574 PO 
Isto 9.000, DA 57 0s 9.73454 ; 
SOis 7. coo, IB os. 9.95273 
To -. co. I A JO 33 . 9.80301 
; d, m. 
Now if to this I A here found JO 33 
| Yon adde I B before found 26/28 
It gives B A the Complement of the Latitude at A 76 48 
Whoſe Latitude is required . 13. 12 


Laftly, for the Angle of Poſition fromibel izaxd A DB. 


i NT Tb 
As 5. ABD | 40. ©0 C0. are 0.19193 
To Js. A | 38 15 9.79175 
So 5s, BA 76 4S | 9.98837 


To s. BDA itsco. to 150 | k 
deg. AD R=to BDR $9 40 9.97205 | 
The Angle of Poſition required at D,then is thus found to be 69 & 40f J 


of dire& Polition from the Lizard D. 


To find the Latitude of Barbados, the Complement of which is A B,” 
We will let fall the Perpendicular DI, and (o the Triangle AD B 
is divided into two right angled Angles, namely DIB and DIA. 


In the Triangle DB I. 


The like is to be underſtood for any other of this nature, 


Circle Sailing. - 351 
the Complement of the Latitude of the 
e given, you would have found the Angle 


, CASE 


o - he 2 k Y . » - 
p + WT) : oo 34 R 4 
4 N.- 8, bs © A Ez \ » 
OBESE Fe A SEE a MORE. : pi 4 
: o 
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CASED3Y. 

Two places being known, the one to be under the Equinoftial, the 
other in any other Latitude given, with the difference of Lon- 
gitude between them ; to find their neareſt diſtance in the 


Arch of a great Circle, the direft Poſition of the ſecond place 
from the fir$#, and of the firſt place from the ſecond. 


Queſt. 8. Admit there be a place under the EquinoGith, another place in 
North Latitude 49 deg. o0', and lying to the Eaftwards of the. Meri- 
dian of it 58 deg. 00's, I demand. the neareſt diſtance between theſe 
places, and their Poſition or Angle of bearing ( in the Arch of a great 
Circle } at firſt ſetting from each of then, 


E may work this cither by the Complements of the given La- 
titudcs, or by the Latitudes themſclves; if we work by the 
Complements of the Latitudes. ore fide cf ghe Triangle is 90 degrees; 
but if you work by the Latitudes themſelves, then you will have one 
Angle a Right Angle. I will touch upon both, but reſolve it firſt in 
theright angled Triangle following 3 in which 


us | Tet A repreſent the. place under the E- 
| quinoCtial. 
Let B' be the place in the Latitude of 
49 deg, 00" 
Then is BD an Arch of the Meridian. - 
from that Northermolt place to the Equi- 
noCtial, and cuts lo far to the Eaſtwards of 
the place in the EquinoRtial, as between it 
and that place is the difference of Longi- 
tude A D 38 deg. oo'. 
| And AB is the neareſt diſtance between * 
| them in the Arch cf a great Circle. | 
A is. the Angle of Pcſition at the place 
A TD under the EquinoGtia), | : 
£ _ B is the Angle of Poſition from that 
plc? in the Latitude of 49 deg. 00", nk 
Ihe Anvle ar D is a Right Angle. 


4 z 
bs y y F 
29 
» T:; 
. 
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In this Triangle as 


DB OY! o0/ 
Da 3D 4 38 d. oo' E1.cuB A-Rod. is =to 7.co.B Dl-r.co. D A 


Required B A. 
od ms. 
r.co, BD 49 ©O0 9.81694 
nc D A. 38 oo 9.89653 
roco, BA 5 52 9.71347 
Their neareſt diſtance in a great Circle BA is 58 deg. 52', or 3532 
miles. 


For the Angle of Poſition at A. 


<> m. 
CDB 494. eo'JBD to, 49 ©0 9.93916 
Des. 3 DA 38 d. 00! CAD fe 38 oo 9.78934 
Required A, IA #.co. Eaſt 61 51 Norly 9.72850 

For OR ONE at B 

8 "ms 
BD 494. 00: hiea, | + oy OQ 0.10719 
Rf 38 4. oo!hs, D Fo ofe) 9:97777 
equired B 0 I +.0, B. South 46 00 Weltly 9.98496 


The like may be done for any other Queſtion of this nature, where 
none of the Sides or Angles are above go deg. but you may work this 


| In anothet Tiiangle from the. Pole, ;thus: 


1 L following Triangle AB D. 
] E t B repreſent the North Pale, A the place under the EquinoRial, 
the place that is in the Laitude of ® _ o0', thet & AB 
” htm ©d\.” | 
oF *% Z7z | B D 


354 Great Circle Sailing. 
B D is the Complement of the Latitude of the place at D Comp. 
49 deg. 00. | 


P 


B- 


A 


D A is theneareſt diſtance between the two places in a great Circle. 
B D A is the Angle of Poſition from the Northermoſi place. 

DAB the Angle of Poſition from the place under the EquinoRial. 
And theſeare the parts of this Triangle, 


Now in this Cafe we have given, 


D B the Complement of the Northermoſt Latitude 
D BA the difference of Longitude 
And the fide AB is a right fide or 


Firſt then, for BD A, os BDR, its Complement to 180 deg. 


F, co. B DJ- Radius, is=to t. co, B jt. co. BDA. 


&.** ny; 
| #+ 00+ . 38 0o0 ABD 
'f, $40, , +. 41 OO. BD 


p, &0, 46 os B D R 
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Thus the Courſe at firſt ſetting out from D, is n DR = toADO 
South 46 deg. oo' Weſterly. 


For the Angle of Poſition at A. 


DB 414%. oo 
Data. fona 364 oſs) Riu Badins=to0 A+++. co. BD. 
| a tins | 


d. me 
fo B 38 oo 
f, C0s B D 4} OO C0, at. 


$, (0. A 61 SI 


Laſtly, for the neareſt diflance DA. 


| DB 414. oo 
Da. 38 4..00 on DA + Rod. is =tO, co, Bal, BD. 
Required D A. 
d, m. 


' 1 fo C0o B | 38 OO . 9, 29653 
fe * - aL $1 ,00 9-816 94 


5. co. DA 58 52 9.71347 
Thus the neareſt difiance of theſe places is 58 deg. 52'. 


And this -you ſec every way agrecs with the former Example of the 
right angled Triangle. 


CASE "I 


Two places being known, the one to be under the Equinoftial, the 
other in any Latitude given, and the neareſt diſtance of theſe 
places being, alſo known ; to find the difference of Longitude, 
the direft Poſition of the firſt to the ſecond, and of the ſecond 
from the firſt. 


Suppoſe the places to be the ſame as before, and ſo the ſame Fi- 
I gures may ſerve for thelr demonſtration 3 and let there be given in 


. % 


The right angled Triangle A D B, 


d. m. 
. The neareſt diſtance between the places BA .' 58 | 52 org$g8 miles 


The diffqrence of Latitude between tham DB 49 66 


: Firſt, for the Angle of Poſition at B. 


OL. 0. B-þ Radixs, is = to't, BD + 2. co. BA. 
- ny 


| . M. | 
BA 7. co. 58 52 9.78106 
BDz. 49 00 10,06083 


Secondly, for the Augle at A. 
;. BD+ Radius, is=to rs. BA + A. 


d. mm. "A 62 
BA 33 3% _ & 08 0.06754. 
x. WW:  9:37777 
TRE: 3: 994530 


Thirdly, 
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T, birdl 'y, for the difference of Longirade D A. 
7.co. BA ob Radius, is =to 5.co. AD + 7. co. DB. 


" . ? 
5.c0o, BD 49 $00. Co ar. | 0.18305 
rc BA $58 $2 9.71351 
Fe Cos DA 0 OO ES 9.89656 


The ane might be done in the Triangle A BD, which hath the 
ſide BA 90 _— 4 in it you have given, | 


DB "Y Complement of the Latitude of the Northermoi 

\ place 41 ©0 
DA the neareſt diſtance of the places i in a \great + 58. 52 
= 


Beſides the fide A B, which i is Hen ky MARENE 14.0 


Whereby you may find the Tikes things required, with the fame 
eaſe as you reſolved the TROYE upon another demand in the Caſe be- . 
fore this. | 


This may ſuffice for the Caſes of Great Cirele Sailing: z Which rough 
it may be vatied 60 ſeveral ways.in a Triangle, yet all will fall under - 
one of thefe Caſes. | 


P &:S T S$ Q R IPT 


Concerning the Longitude. 


how much it differs from the Meridian you et from, it's meet 

that you have Tables of the Suns Place) and Right Aſcenſion 
calculated 'in Degrees, Minutes, and Seconds 3 and I had thoughts to 
have done it, ' and-placeg them here : ' but conlidering they will ſwell 
the Book to a greater Volume, and how eafie *tis to find them, and 
indeed. how fatisfa@ory to the perſon concerned, I have thought good 
to ſhew two or three Examples of finding them 3 and fo the time of 
Night, .- by obſerving the Altitude of ſome known Stars. I confels, 1 
ſhewed how to find them before, but have not done any Examples to 
that exa@nels, as in this caſe is requiſite, ( nor had I ſhewed how to 
tind the rime of Night.) I court *tis but tictle more labour to find 
the Suns Right Aſcenbon and Place, than to do the other part of the 
Queſtion, which is to find the-time of the Night by them. And this I 
do Inſtead of Tables, which do not laſt always, nor are they in every 
Book ; and where they are, they be not calculated any nearer than to a 
minute'of Time for the moſt part. 


F OR the finding the Longitude of the place where you are, and 


AG QUEST 1. 
In this Exam- 41jt the 1oth day of April 1685, I would know 


le the $ ; 
L lohe Aſceh- the Suns true Place and Right Aſcenſion, alſo the 


fion is leſs" Fimeof the Night exatlly, that I obſerve the Al» 
than that of . | Sr 
he Sa titude of the Lions Tail to be 50deg. 20 min. 


riſing, provided I be in the Latit, of 49d. 10'. 


' Look in the Tables, and find the Suns Declination =. 11 deg. 49' 
_ The 


firlt of April, is Northerly 
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4 A Poſtſeript concerning Longitnde.. 359 
The Right Aſcenſion of the Lions Tait is | 172 deg. 58/ 
The Org of the Lions Tail is Northerly 16 deg, 29 


Firſt ths for the $ uns Place and Right Aſcenſion, in the Triangle ABC, 


right angled at Be 
d. m. 
1 have given the Sung greateſt Declination B A C 23 30 
The Suns preſent Declination BC. 6 
To find BA and AC, the SunsRight Aſcenſion and Place. 
"a : And fot, for ba Right Aſiinfon on AB. Os 
| $ 7. BA+ Rada, is = to t. co. Ao fo BC. 
d, me | | 
t.co. BAC 23 30 | 10.,36169 
$1. 08S WW 9.32059 
” WY _ BA 25 * 45 ©< - 9. 68228 


'"The Suns Right Aſcenſion is 28 """F 45', or 1 ho. 55'.] 
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wc Iv £5 'c0. ar. o 0.39930. 
BC IT 49 9.31128 


The Sung Plich is JO deg de? OF; \g1 


For this occaſion, it's no great matter whether you had found the. 
Suns Place or no, for we ſhall nor uſe it; p_vever you ſee it's ſoon 


done. 1 FE 3 F*. »*% 


% 


For the $ tall bow flor fon i Mn * DR. 
I have = in the Thigh * D R, 


OE one - oe na us 


1 
The ſide X D the Cay ple the Seas Declinaion 73 
The Complement of the Lati Rn I 49 
The Complement of thsStar hei he] * EE 39 
And it's required to find CD ” EE” 
Half the fide R * s 4 19 50 
Half the diffexcuce of the ſides D Rand DF is -11 5t 


Sum | XY” 31 41 


* Remainder | "0 W 


s. DN 49 i" C0 "tf. > a4 + ds 
5. DX- 73 .. 1 C0-WFs "© þ 0.018188 
7. The "hy 31 7 © 9.720344 
7. The Reminder ; +, '97 $599. 5-27 .,9:142655 


a. TD 18,997996 
The half of XDR 18 23 | 9.498998 


The Angle XkDRis 36 46 mn 
So ===] is the Star ſhort of being upon the Meridian, Ther 


_ A Poſiſcript concerning Longitude. 361 


Therefore for the time of Night that the Star coines upon the Me- 


—_ "oo 0 AT: 

| | CE WT. © 
The-Right Aſcenſion of the Star is 172 58. 

The Right Aſcenſion of the Sun is found'to'be 028 45 

The time in degrees that the Star comes after Noon TY p | = 

the' Meridian, is | CANS Os 

| h, 4 | A0 

Which converted into time, is the real time after Noon L TT” 1” 

that the Star comes upon the Meridian, 5 


So that it ſeems the:Lions Tail will be upon the Meridian at ten of the 
clock 16' 52". P WF OT 


Laſtly, to find the time of Night that I obſerved a. ; 


| : Ek i 
We have found that the Star comes upon the Meridianat 10 16 52 
And we have found that when we obſerved, the Stars 2 
Aongle of its hour from the Meridian of South, ud 02 27 04 
* 36 deg. 46' (hortof the Meridian, 
Therefore if we ſubſiraRt it (converted into time) from that, 
The remainder is the true hour, and 'minate, and fe-' 2 
cond of the Night we obſerved at, which is C FF 9-3 


QUE IT 2. 


mow ow Admit the 5th day of November 1685, 7 would 
Riphr Afeni- — Know the Suns Place and Right Aſcenſion, alſo the 


on js more time of Night exattly that 1 obſerve the Lions 
"ug the Stars _ Tail when he is 40 deg. oo min. high, provided 


"I be in the Latitude of 50 deg. oo min. North 
Latitude, and the Star be riftn . of hgh 


Look.in the Table and find the Suns Declination is? _ "0 LOIN 

Southerly IR - P19 Ye 45 
The Right Aſcenſion of the Lions Tail, as before,is 172 thg. 58! 
Fic Declination of the Lions Tail is ON 16 deg. 28 
Ye: + Aaa F trſh, 


362 


A 'Poſtſeript concerning Longitude. 
- Firſt then, for the Suns Place and Right Aſcenſin- 


Th _ greateſt Declination BAD 234. 3o'} | 0.36169 


The Suns preſent Declination BD 184. 45/ 2. 9.5 3078 


)The Suns Right Aſcenſion AB required, is WES 

51 deg. 19 from #5. C 99041 

'BAD's. 23 deg. 30 C0. ar. £154 | 0.39930 

5 BD . s. 18 dep. 45' 9.50709 


nn — — 


DA: 7. 53 dig. 43' | theSuns place required. 9.90639. 


As 1 ſaid ( in the Queſtion before.) there was no neceſſity of find- 
ing the Suns Place in the Ecliptick, becauſe in this caſe we don't uſe 
itz but 1 found it to make that Example of finding the Suns Place 
and Right Aſcenſion the more plain. 


Ci : 


To conagja, To 0 fua: the Stars have " of the Meridien. 


'*Y y" \ 5 \ % 


7 _ given in the Triangle XE I the Complement of the Stars 
Declination, 


;  X] e | T7 7.73 deg- Fry 
3; «+ 5 & quplement of the Tatitade 40 deg. 00" 
ment of the Stars height XK : + ; | $0: deg. 0". 


ſes 


Comte to ind # IE the hows and minutes that the tas 
55 of the Meridian, _ Half 
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Half theTide E K is 25 deg. o0' 
Half the difference of the ſides * A IE is 16 deg. 46. 
' Sam. -....: 4 deg 4s. 
"Retnainder* 08} eg; Ip 
d. in. F | | TL vx —- 
RIS: 40 ©O C0. ar. _-:. bots 
IS - FS. 38 C0. af. O.OISL 
7. Sum | *41 46 65 69075, 
'Ho Reinainder 08 14 i ade ae de 'd ; 9.1559 
| £8 pro ol 
Half XIE, is 23 deg. 10' 945947 
Doubled, is 465 dee. "20' XI E, 
» *The tine in debre eds ag tes hit the Ir wants of þ 24 003 
job Yar Ms P90 


the: Meridian ord eonk orivetted' itit6 titiſe Is" '3bo, 5.29 


LJ 


Now for the time of Night that this'Star comes upon the Meridian. 


| Subſira& the Suns Right Aſcenſion from the Right Aſcenſion of 
the. Star, which I cannat, do. here, becauſce-the/$uns:Right:Alcenaſibii is 
more than the. Stays 3: and: therefbre to: ſupply! that defekt; adde: 609 
degrees .( which is 24. hours }--to the Right Aſcenſion of the Star, /and' 
then do it and the remainder. converted into time; is the time” after 
Noon of the Stars coming upon the Meridian. 


ft The Stars. Right Aſcenſion i is'*. $61. wt as jy NN 
. To which L adde” * 31 Co 1 [} 34] ve 4 '360deg. oo” - $5 


And | it makes Lan a6 | 534g ; 58 


The Right Aſcenſion of: the Sun we "oP to'be 51 deg. oy Goal 
=, which Hanks Now: fram 1*.to:S is. 90 deg. and from'S to ='s 
9p deg- more; (.that's 1$0:deg, and this 511 — = 19 more: ) fothat 1 
adde'the Suns; Right'Aſcenhion: that we found” 1 dege-1 9 


to | £ 180 deg oof 


And that ſum is the Suns Right Aſcenſion required | 231 deg. 19) T8 
Pe Aaa 2 | Now 
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164 = Poliſeript concerning Longitude. 


» Now then, 
| RR —_= = 
From the Right Aſcenſion of the Star (with 360 deg, added) 532 58. 
Subſtra& the Suns Right Aſcenſion 231 19 
| The remainder is. /- Mo 301 is 


Which converted: into time, is 20 ho..06' 36”, which.is:the time 
after 12 of the Clock that this Star comes upon the Meridian, which is 
at $.a Clock 6' 36” in the Morning.. , 

. Pq (7 | 
| Laftly, for the time of Night that I took my Obſervation. 
| ' | "y $6 
From the time of the Stars coming upon the Meridian, 8. 06:36 
Fſublira@t,the time the Star was ſhort of the Meridiany 0 
when I 'obferve+ © Oo or od 


tm 


And-it gives m2 the time in the Morning of my obſerving 5- ot 16 


- Theſe things 1-would have every-man-perfectin, they: being of great 
conſequence for-fevers1'occafions; and eſpecially to know the Stars by: 
'for. by: knowing, the Magnitude of a Star, and his time of coming to 
the Meridian, as alfo his Declination ( a+ man cannot miſtake that 
Star.) ne 

Alſo by knowing at one time when a Star comes-to the Meridian, a 
man may. know. at other times when that Star will 'come upon the Me- | 
ridian : for the Starthat will bs upon the Meridian at 8: of the Clock. 
6 36” in-the-Morning, will ( fitteen days after ) be upon the Me- 
ridian at near 7.hn; 6' 36”, and fifteen days after-that, again at 6 a- 
Clock 6' 36”, and fifteen days after that ( which is forty five days 
from ther }) 5 a Clock 6+ 36”, and fifteen days after at 4a Clock 
6/36”, &6. ( Lay ncar upon the Meridian at theſe times) methinks 
my: Fraternity might. knowithe! Starsa great deal better than-they' ge- 
nerally. do, ( Mariners I mean.) and moxe of:them than they-do, if 
they would: give but heed. to. theſe. cafie ways which 1. here pre- 
feribe. * es PG 
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I: confeſs the occaſion of handling this matter fo fully, here ( eſpe 
cially for finding the time of Night. by. obſerving the Altitude of a 


known Star at any time ) is in order to the continual occaſion we have 


for. it, when we take our Obſervations for the Longitude. 


QUE ST; 3: 


"- there was a Star that was falling, and before he ſet I 


obſerved his Altitude to be as in the caſe before (when he was 


40 deg, 00 min. high) , aud ſuppoſe it to be the ſame day of 


the month-( namely, the 5th of Novetaber' r685; 


"and let 
this was; 1 demand the time of Night that T obſerved ( pro- 
wided' I be in the Latitude of 5odeg. 00 min. ) and the. 
time of this Stars coming to the Meridian ( provided that his 
Right Aſcenſion be. 108.deg.. 00min), 1 


* the Declination of the Star be 16 deg. 38 tit, Noteholy, as 


N. the. former Scheme; we. may- imagine: the-Triangle * E-V'to'be . - 
1 tothe. Weſtward of the Meridian of South, juſi as-in that Queſtion - 
it falls to the Eaſtwards 3 and {o. we have. the fame things: given in it 
to find the. time of the Stars, bring paſt.the Meridian, namely the three. 
fides to find. the Angle *-LE.. which. muſt. come; to. the fame it was: - 


there | 46 deg. 20). 
& mane... ci | 4 cnt. ft 211 Gb $5207: 
Sq I conclude the Star was upon.the Meridian fo long fince. 


Next, forthe time of the Stars coming upon the Meridian«. . 
k adde 360 deg. to the Stars Right Aﬀfcenſion inthe Que-Y * 
Riion, (becaule ]I'cannot take the Suns Righs Aſcend 
. on from. it ). 
And.it makes | TL 
From which 1 ſubſira&t 'the Right Aſcenſion of. the Sin 234 19. 00 
Ahd the remainder is the time of the Stars coming upon 
"the Meridian after. Noon ; 
Which converted inta time, . is 15 ho. 46'' 44”, _ 
Which being calculated, js at 3.a clock 46' 44” inthe.morning, 
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Laſtly; "KR. 


v4 


y v0 k. 


of the Veriton 
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F conſider it was as 1 have Cond it - bil 
after the Star was upon the Meridian: 

So that if 1 adde it to the time of the St 
coming to the Meridian _ . 


18 give$'dhd* EOnFEne FobRnved; Which 
11 WASAG\" wh 


{et for ay -9E8, of this nature, Abs [ fil befoe/ 


3 05 20 


3 46 44 


ob — ob 


6. 52. 04 in the mowing 


would wiſh . 
every. ane, tO, raRiſe;theſc things.4;, _% 3 a WE for 
them that uſe 1 Ns Sea. 0 > kerowe Z y =} BIY by, v7 orgs 
CROWINT SARI CCIOCIFIER 


of the | arhittion of the © OE pol. hh 


"Have noted: before-iti this Book.” that the. Fariation of the Compuſt' is 
i the difference between- the Megnetical Riling of Amplitude of 'the 
Sur), and: his/trwe Riſing ahd Setting 3 ot between his true Avi 


math, add his Magnetteal Azimuth, for ſo mach as the Compals varies, 


fro thar'{>-much the Compaſs is falſe, and it's called' the'V9a#idrion 
of the Cons paſs. Now for the Cauſes of this Variation, ſome have 

ARCH « to*give Reaſons 3 but their Philoſophical accgunt'js Hoe 
arrived to-any perfe&ion of belick,” nor dotly it agree with: that qua= 
lty. 

; remember , when I went to a Weſt.Iſle, 1 took all the notice I 
could of tht" Variation of the Com paſe, and found little alteratibn from 
what it is in England, till I can into ( as I remember ) 72 deg. ( or 
thereabouts) Gf then I had 22 deg, Variation, all at once, (as.it were) 
and it continued fo that whole Voyage; till I came. to croſs that Lati- 
tude Igain'; and then'T loſt it aftef the ſame nianner that I found 1 i 
( ſuddenly. ) Ido ſuppoſe that this Variation i is ſo along the fi da. of 
the fie: * for at Newrfound-land the Vari dp. ers aft rer the ſame. 
mixnifer { as I have credibly been 11 wy forme FI $1 h makes 1 me. Ke 
t6<is auld (6ricthing on the ek A Sea; but T-think « ſhaw] 
body had bettcr.cmploy their time and wit to. lelate it truly, than 
to inquire the cauſe of {6 hidden a Secret. and therefore, wel fall to 
thay next, » and ſhew how it's to be done by the Azintath Compaſi. 


The 


The Deſcription and Uſe of the Azimuth Compaſs. 


VHis Compaſs hath a Card in a round Box, with a Steel Needle 
'- In it touched with the Load-ſtone (as our common Mariners 
. © Compals is) but'apon the Card is no more points drawn but 
the Eaſt and Weſt, North ard Soath, ( and to diſtinguiſh them ) upon 
the North point is a Flower de Luce; alſo within upon the Box 1s 
fun down Lines that anſwer thefe points 3 when the Flower de Lace 
points to' one of them,” the other three points muſt ſucecfſively point at 
the reſt 3 above, under the Glaſs,"i$ alſo Threads cut {tRight-Angles 
to' theſe Lines that tun down'the fides of the Box, that ſo from them 
.you'. more exactly diſcern” the degrees that the Index cats from the 
| North and South, Eaſt or Weſt. Now upon this Box is placed a Cir- 
cle of Braſs, and that hath the one half bf it divided into 9o deg. but , 
theſe degrees-are numjbred from the middle of the faid divifions each 
way, to 45 eg. and” ther ſub-divided into 'tninutes by the deagonat! 
Lines and Circles that you ſee there 3 the Center C theſe degrees 15 
drawn from } is on the oppoſite part of the braſs Circle, whereon the 
| Index moves, whoſe edge cuts the degree and minute in time of obſer- 
vation. ; 
' Upon theIndex is a Sight of braſs which is to fall down or ſet up at 
pleafure. Now from the top of this braſs Sight is a Thread that 
comes down to the middle of the Index; and that ſhews the ſhadow. ot 
the Sun upon a Line on the middle of the ſame. | | 
' This Compals being compleated, hangs in a (quare Box of Wenfcote.. 
being well faſtened there with braſs Pins. : 


The Uſe of the Azimuth Compaſs. 


Hen I firſt ſee one (the Ulſe of them is fo plain and eaſie ) that- 
I obſerved with it immediately 3 for indeed it naturally pre- 
fents you with its own uſe. But however, Fll ſay ſomething to it : 
Be ſure to rectifie the Circle of braſs, by the Needle or Card within 
the Box, according to the quality of your Obſervation 3 for if the Sun 
be. to the Ealtwards, put the Center of the Index over the Weſt point 
of the Card, ſo that the four Lines on the Box that runs down-to the 


edge of the Card within, and the Points or Lines on the Card do con- 
| cur. 


. ters from this, ſo much is the Variation, 


OSA If 
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.368 The Vſe of the Azimuth Compaſs. 


cur. . If the Sun be to the Weltwards, do.the like on the Eaſt point of 


» the Card. | 


The Infirument being thus fitted and'(et, turn-the Index fo that the 
ſhadow of the Thread fall into the lit of the Sight that ſtands upon 
it, ( and at the ſame time ) upon a fireight Line that is in the middle 
of the Index, and the inncr edge ot which cuts the degrees upon the 
braſs Circle, and (o gives you the Amplitude or namber of degreesthat 
the San-is from the Eaſt (it at his riſing ) or fromthe Weſt at; his 
ſettivg 3. or it it be when the Sun 16 up, it gives the degree of\the Gom- 
paſs that the Sun bears from you : . {o that by that, and knowing her 
height ( which ſome body obſerves at the fame time } you erect a 
Scheme tor that purpoſe, and by it, or the DoErine of Trianglts, ſee 
the true Azimuth of the Sun at that height 3 .and (0 much as that dit- 


- 


You may note, that when the Sun is above 45 degrees tothe South- 
wards or Northwards of the Eatt or Weſt, that the Index muſt be pla- 
ced accordingly » but 1 think him not wiſe, who obſexves when the 
Sun is {o .high. 1 will ſay ro. more of that, but if you ſhould chance 
to take him {o, remove your Index either to the North or South points, 
as. you do to.the;Eaſt or Welt points; your own Reaſon will fee it. 


'$o much of ar Art as ts wblotueely wal 
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' Intend not in this place to treat of the Art of Gunnery in general 
| for it wonld ſwelt my Bopk: to'too great' a Volume ; But 1 ſhall: 
onely touch upoh ſuch parts thereof as every:Sex>man' ( whether 
eſſe&Gunner or. not ) ought to be acquainted with, and ( incaſe 
of neceſſity ) be able to put in practice. And therefore. in the firſt 
place ( to avoid many words ) [I (hall lay before you a Table ſhewing 
the Naryes, Weight, Length, &c. of ſuch Pieces of Ordnance as are 
nw in Ae. Which Table:i is thus to be read and underſtood: 


As for! Example : £ bs the fl Line of the Table, which is Gott 
Royal, 


4 Weight is 8000 pound. 

| Length is 12 footy 

Diameter at the Bore is $ inches. 

+ Shots. weight 63 paungs: 4 OUNCES. 

-Shots, diameter is 7-inthes-and 67 hundred cavivabs an: inch. 
Whoſe 4 Weight of Powder for load is 26 pound, 

| Ladles length is 2 4inches, 

Eadtes breadth is 15 inches; 

Cartridges length is 16 inches, and 4 tenth parts of an inch. | 
bs” 4 breadth is 24 inches, and one tenth part of an 
Ct INC ; 
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Of GUNNERT. 


A General TABLE of the Names, Weights, Qtc. 


M—— 


—_ — 


— 
— 


_— ——— 


/- The Names 
I Of the . 
PIEGC E S. 


Cannon Royal. 
Cannon. 
Demi-Cannon. 

L. Demi- Cannon. 
Firſt Culverin. 
Second Culverin. 
Third Culverin. 
Firſt Demi-Culverin. 


Second Demi-Culverin. 
Third Demi-Culverin. 


Firſt Saker. 
Second Saker. 

' Third Saker. 
Firſt Minnion, - 
Second Minnion. 
Faulcon. 
Faulconet. . 

. Rabinet.. 

Baſe. 


—"TWerpghc 


of the 


Piece. 
Pounds. 


BOOO 
6800 
5500 


5400 


4800 


4500 
4000 


3000 
2700 


' 2000 
1800. 


1500 
I400 
000 

850 


| 750 


5oO 


ZOO 


|- 200 


Piece. 
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+ 1 QUAN © 000 © 
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Four Dutch-PI'ECES. 


A7 4 Pounder, 
A 12 Pounder... 
A - 6 Pounder. 
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55000 
3000 
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750 
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A 3 Pounder. 
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of Pieces of, Ordnance now in Tſe. 
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© -Diamet./ | Weight ©.| 'Length-. |.\Breadth'| Length | Breadth | 
_ of the of | of the ... of the. | of the, |. of the 
Shot. Powder. | Ladle. | Ladle. | Cartrid. | Cartrid: 
In. 100 | P. O. | In. 10/| In. 10|In. 10|In. 10 
*>-,07:1.36.; 01 44 0&1 0OF80.-41 36 :-1 
6. --.50-1 48-10-15 83... 133-0009 0181 
$3 +25 4% 305 01 11  TH9 S719 £ 
6 _ ©0413 :6 | 20. 0. Ot....8 14 ..14:| 38. 0 
"6 99. 3;| 19 -:5-[.:10..---0-| 33:44:88 +8 
5 oz 7 13115 0©.\::9. 0112; 81.25...7 
F m7 4114. 5| 3. 7j12 oy 6 
ME 5 S114 0] $$: 6123 <1 2 
g 7 5 94139. #1 8 $418 Js - 4 
4 EE oo: oo ag: 0: WS >. 
3 1 4 SH F977 wo Mn T1 
* 3.10 } 10..-:8 8:43. 430-1 
02001 $0 9 - 8| 0-410: 3340-4 
4: 0:33:19 1..8;:..01.. 4: $1.9. 94:84; 9 
MS 2.0433 -£4|.-$...0410: et: 6 
dS 1: ALS 1.01 4. 3 21:6: 23 
L203 1 OF 7 01. 6 QF 41-4 8 
40.1 0 40:14:65 1.4 - * 65 Rot Me 4 
LW. er 4 Jia Iu a7 3 T; 
Four Dutch PIECES. 
Ss 0 EW off: i184 061419 -4 
"oy 7 1 RT. OE I PR i 0 
4014 610-64: $1417 7411 © 
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CHAP. IL. 
The Names of ſuch wth. 4s a Gunner of a Ship 
og fo be Lal with S 


«ws hoo 


Allapar Compaſſes large and. ſmall, to take the diameters of the 
Rings of Guns, and the diameters of Shot. 


A Height-Rule for diameters of Bores. 
Braſs Heights for the raatiire of Shot. 
A Gunnets Scale. 

A Gunners Quadrant. 


= p 


Molds t to caſt Leaden-bullets in of al ſizes. 


Wyres and Springs for the Diſparting of Guns, with a Trarfome to go 
up and down. according to the diameter of the Gun, The Tranſome 
muſt be long enough to reach the Baſc-Ring from the Touch-hole. | 


A Plain Scale and Braſs mpalits with Steel points, 


Other things are ſuch as no Sea-man is unprovided of: 
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CHAP. II. | 
How to ſearch a Great Gun or Piece of Ordnance; 
that is, to diſcover. whether there be any Flaws, 
Cracks, or Honey-combs (that 3s, irregularneſs ) 
in any Piece of Ordnance : Several ways. 


The firſt way, for Flaws or Honey-combs. »_ 


T: a clear Sun-ſhine day, with a picce of pollifhed Stee, (or for 
want of that, a Looking-glaſs may ſerve ) refle& the Beams of the 3 
Sun into the Concave of the Piece z by which means there will be 4 
ſuch a clear Light within the hollow Cylinder of the Piece, that any ? 
Flaw or Honeycomb nay be eaſily diſcovered. ” 


Another way. 


Take a Stick, which muſt be ſomewhat longer than the Concave of 
the Gun, and making a ſlit at one cnd thereof, put an end ofa Candle 
well Tighted, into the Notch; Then put the Stick into the month bt 
the Piece, and by the light of the Candle, turning the Stickevery way, 
as you cabily put it in or draw it out, and you (kall pretty well diſcover 
Flaws or Honeyscombs. if there be any in the Pzece. 


How to diſcover Cracks. 


Jawnamey after you have diſcharged a Piece, let one be ready with 
4 a Tompkin toclap into the moyth of the Piece; with a piece of Rug, 
Blasket, or a Sheepskgn wrapped about the Muzzle of the Piece. Alſo, 
at the ſame time let one top the Toxch-hole , and if there be any Crack, 
through the Mets), a viſible Smoak will appear. 


Another 


* 


, F red =. mW” IS 2 7 TS a dC 2 Cub ae hy a” 4d Y. "= b > Y RT rs \ #* WF, 4 , . 
2 . i ar a7. 2 by W_ 7 Wh "Ip "+. 430 5M +28 4 x % _ #7 Y "00 uk =” . 
OS 'Y* % : MF fs 5 ” v- CO ? » 4 
þ WY "5 * "Re T C , 
» Tx - = : 
- a - R n _ . o 
a 
. F 
« , 
Þ. L b 
i . 
” ny > 1 « - RY o ? ' 
. 5 4 . Ul 
" ds , 
» 


Another way to diſcover Cracks or Flaws, 


If in firiking a Piece of Artillery a ſmart ſtroke with a Hammer on 
the out-ſide thereof, you ſhall hear a boarſe ſand 3- it is an evident figne 
that - the Prece is not ſound, but hath Flaws, Cracks, or Honey-combs a- 
bout it. But if after every ſtroke with the Hammer, you hear a cleey 
ſound; it is an aſſured figne of'a ſound Gun. 


—_—_—— 


{DB APHV. 
How to find whether a Piece of Ordnance be truly 


Bored. or not. 


Rovide a Pike-taff, longer than the hollow Cylinder of the Gun, 
by about 8 or 10 inches 3 at the end of which Staff faſten ſuch 
a Rammer-head ( or rather a Piece of Wood turned on pur- 

poſe ) as ſhall jufily fill the Concave-Cylinder under the Touch-hole 

yet not to go in iff, but eafily. Then take another round piece of 

Wood made equal to the.concavity of the Myzzle of the Piece; in the 

center-whereof make a .hole, that the long Staff may go through, and 

fix this round piece of Wood upon the Staff, in that part that reaches 
to the Pieces mouth, then at the end of the Staff, which is without the 

Piece, make a. {mall hole acroſs, through the middle of the Staff, to 

faſten therein a ſmall Rod of Iron about 14 or 15 inches longs at the 
end of which Iron Rod, fix a Bxllet of about 7 or 8 pound weight: 

Ando is your Inftrument-fitted.. WI 

_ This Inſtrument thus prepared, put the Rammer-head into the Month 
of the Piece, home to the end, and then put-the round piece of Wood 
into the Mouth of the' Piece, and then ( the Concave of the Piece ly- 
iog level in the Carriage ) the Bullet at the end of the Staff will keep 

"both the Rammer-head and the round piece of Wood in a ſetled poſture- 
Then take-your Priming-Iron.and put it-in at the Toxch-hole, and make . 
a mark with it upon the Rammer-hesd :; This done, draw out the 1n- 
ſtrunent, and lay the Rammer-head and round: piece of Wood upon a long 
and level Table, the end of the Staff where the Bulle: hangs, being off 

of the Table, {o ſhall the weight of the Ballet cauſe the Ree oge 

an 
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ind round piece of Wood to lie in the ſame poſition upon the Table, as 


The Inſtrument lying ill upon the Table, obſerve whether the mark, 
you made upon the Rammer-bead,” when it was in the Pzece, be juſt on 
the uppermoli part of the ſame, as it now lies*on the Table ; if it be, 
the Boar of the Piece lieth neither to the right nor left hand 3 but if 
you find the mark_not to be at the top, but inclining either to the 
right or left hand, fo much doth the Bore of the Pzece lie to the right 
or left hand: And therefore in Shooting, the Pzece muſt be charged 
and ordered accordingly. ; 

By what hath been here delivered, you may find whether the Bore 
incline to the right or left hand. But to know whether it lie upwards 

or downwards, and not in the middle, that way is not ſufficient 3 there- 
fore, to find that, take the Direions following. ty 
 Takea piece of ſtreight Wire, and bend it a little at one end, about 
a quarter of an inch or leſs, that it may catch at the Metal when you 
take it out at the Tozch-hole, Your Wyre being prepared, put it in at _ 
| the Toxch-bole, till it touch the Metal in the bottom of the Chamber, 
| and make a mark upon the Wyre, juſt even with the ſaid Toxch-bole 3 
then draw up the Wyre till the Hook catch at the Metal at the top of 
the Chamber, and there make a mark as before: The diſtance of thele 
ewo marks, is the juſt diameter of the Chamber 3 and the diſtance be- 
tween the firſt mark and the end of the Fyre, ( half the diameter of 
the Chamber being taken out of it ) wilt be half the diameter of the 
Piece at the Toxcb-hole, if the Piece be truely bored : But if this num- 
ber be greater than half the diameter of the Piece, then the Bore lieth too 
far from the Toxch-hole, and the upper part of the Metal is the thickeſt 3 
but if the number be Jeſſer than half the diameter, the wnder-part of the 
Metal is the thickeſt. 


EXAMPLE. 


We will ſuppoſe the diameter there to be 12 inches 3 then by my 
Wyre I find the diameter of the Bore to be 4 inches, and to the bottom 
- of the Metal 7 inches and a half: The half of the diameter of the Bore 
is 2 inches, which being ſubfirated from 7 inches, leaves 5 inches and 
a half; which is lels than half the diameter of the Prece at the Tyxch: 
bole, by half an inch 3 and therefore the greateſt part of the Metal 1s in 
the bottom ( of under the Bore ) of the Piece : Wherefore the danger 


of the Pieces breaking is above. VRPTIBGE. 
CHAP. 
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- CHAP. V.. 


| How to find the length.of the Diſpart, belonging to any 


true Bored Piece of Ordnance. 


Or the effeCing of this,there are ſeveral ways,of which fome are 
more artificial than others : I will give you an account of feve- 
ral of them, and give the induſtrious Gwnner leave to. make 


choice of that which may beſt ſuit with,the time and place where he 
hath occaſion to make uſe of it. 


One way. 


Girt the Piece round about the Baſe-Ring, and alſo about the Mug- 
zle-Ring, ſeverally, with a String, ( or rather with a piece of Tape, or 
narrow Ribond, which will not ſtretch, ) Find or meaſure the lengths 
of theſe two Girts ſeyerally upon ſome Scale of equal parts, ( as of 
Inches, and 100 parts of an inch ) then divide cach-of- theſe Gires ins 
to 22 equal parts, and with your Compaſſes take 7 of them 3 ſo ſhall 
7 of the greater Girt be equal to the diameter of the Gar at the Baſe- 
Ring 3 and 7: parts of 22 of the leſſer Gjrt, ſhall be the diameter of 
the Piece at the Myzzle-Ring ; Then with your Compaſies meaſure 
the lengths of each. of theſe Diameters, in inghesand: hundred parts: of 
an inch; and fubſtract the lefler of them:from, the greater, and; half 
of the remainder ſhall be the /ength of the Diſpart: belovging to. that 


Piece. * 


EXAMPLE 


_ Coming to a Gun whole Difpart 1 would know 3. firſt, I girt the 
Baſe-King, and find it to be 42 inches about 3 then I girt the. Myz-. 
zle-Ring, and find that to be 31 inches about 3 then. dividing the 
lI:ngth of-the greater Girt 42, into 22 equal parts, I find 7 of them to 
contdin 13 inches, and-37 hundred parts of an inch, ( which is above 
a quarter cf ay. inch. ) Set this number by 3 for it is the length of 
the diameter of the Baſe-Ring. Then divide the length of the leſſer 
Girt:31, into 22 equal parts, and 7 of them will contain 9 inches, = 


WES 2 an 


Of 6 LUWNEK T $52 
$6 hundred parts of an inch, ( which is above three quarters of an 


inch;).....Set.. this. mumber + ; 
_ of the ay 9 and ſubſtra@ it from to Res, and the remain- 
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der ( or difference ) will be ,4 inches red parts of an inch 

(which is 3 q=® = a half ; Aw open | is I, 5 ; that i ls, 
x inch nll de hundred parts Kot big) is x ine 
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This is a At way to Difpart any Gun ry:tedi 4 
requires great care in the performance. Ne ow " hg 


uy 


A ſecond way zo Difpart-avy « Gun. 


Taba o:{rall, "Sticks < cach f N x than thandie. 2; 
ameter gg Goal Sk of the RE ho ai be wget ; ber ou. : 
theſe Sticks ( the middle of it ) upon the upper-part of t Beet 
Rin Lo {quarewiſe crols the Piece ) and fixing, it ( or cauling one fo. 
hole ftfaſt )- there having in readineſs I fine Thread ajnd' ufrittief; 
hold ft wn by the fide'of the Stick, moving if along; che 'Fithg:do 
_ juſſlly touch he Baſe-Ring on one ide'of 1 &Pictt, an® whe it" 3th 

ſo, make a ſmall mark upon the Stick 3 then take your Thread and . 
Plummet, and. go to the otherifide of Four SunFand hold it up as be- © h 
fore, till che Thitad Joush- heRhen fla i6f 3he” g; 26d when 
it doth ſo, make another mark on the Stick:!. Fhew-aut:thd Stick off 
( ſquare-wiſe ) at theſn two: miauks; fdr the lagsh oþ it:is:aqual to the 
diameter of the Baſe-Ring of the Piece. Do thelike/(:withiyour other 


Stick) at the Muzzle- Rive 1 ; and laying theſe two Sticks together, you 
ſhall nd the diflerence of. cheir. lepgths : 8pghalf has SpanieGrr 


true Diſpart for that Piece. : xd "x 
This alſo is a good way, but it muſh be x ly oil cher 
you yan Into a great Errour, _ —_ 
4 "; third way to att Fs Ws OE - 1 


If ha Piece be not Chamber: bored, take your Priming:tyan @ a ſircight 
{mall Stick or Wyre, and put it down | into the Toxchb-bole, unkil it ſtop at 
the Metal under the Touch-hele in the bottom and upon -the-Stick or 
Wyre, make a mark levek with the top of the Baſe-Ring$%* apply the 
ſame Stick or Wyre to the bottom of the Metal at the Month of the 
Piece: And fo hack higtier as the mark at the Baſe-R7 as, more 
thay thisat the Muzz/e*-1 Ingyhat difference is the OY 
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rH "CHAP. vi. 


Conf fling of to Queſtions, which, every Gunner 
/ ught to be perfels 1 in, and fo able to 0 reſalue them 
pon any TR. 
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| The Diameter and Wei Tor oft of a Shot being zven, to find the 
 Wergh hr of any other 9 or of the "fame Metat, and of 6 other 
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Examp. I have ; an Iron-S bot which is four tk diameter, aud it wah 
's pound 5, 1 have another Shot of Iron whoſe 44 8 inches : "oY FT 


= - he iſe mn res C4; Ws 11 15364. Hh 
da aw! 61 "The Analogjc'wr Propertion. |. 3 os bas am 
"4ſt hs * Cubeef the Diameter'of the given Buller, 


| Is to his Weight ; 2 4 
So'i its the Cube of the other Bullets Diameter, 
"To his VEIN: 6 52 


10r the doing this, cube both the Diameters and: the Analog 'Y 
# both plain and eafie: for, 
_ 8 As the Cube of the Diameter of the given Shot, 
Ky ; Ts to the weight of the ſame 3 * 


So is the Cube of theDiameter of the Shot whoſe weight is required, 
| To his weight, MY all 
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CUNNERT, 


If 64, ( the Cube of the Shot given ) weighs owe *hetthat the 
Shot weigh whoſe Cube of Didineree is $12? Fr 


i mw” ul 18 bo 2. 
. : 44 


Facis 52 pound - 


QUEST "v 


Th Weig ht and Drameter of a Shot IP zZ0. ford FR Diameter 
of tr Shot b WE his "_ gfven, oy _ is of one 
Metal. * 7 


Examp. Admit a Shot be 27 1. and bis Diameter " 6 incher ; what hat 
. ..@ Shot of 64 1. bave for his Diameter 7 +274 


Xtra&t the Cube-root of 64, _ its Fi 3 and the uleye is as 
here following. | 


As the Root of 27, which i Is 35. ES 24 (S 4 
Isto the Diameter 6; 2 6 
Sois the Root of 64, which | is 4 | 1201 cr (SR 


To the Diameter required. | Facit $ inches diameter. 


| QUEST: 3; 
Having. the Content and Diameter + 4 Shot. giuen, to fond the 
Content or Weight of - other Shot, whoſe Diameter a5 given. ; 


: Y QI tia v; ta $f «4 ws - 
BEL ba? ; 


Examp. Admit I ho a $ bot whoſe Ry is 4 inches? , and bis weight 
is 101. 12 oun. LI demand the Content or ls" "Shes that is - '6 inches 


_ diameter. £ 7 
ark 


ber is both to' be reduced to*oneGenomination, before it' tan be 
wrought by the/Rule: of Proportion 3 therefore the 6 inches is 6 7? 


Ios 


Alſo, reduce your middle* number,” which is 10 1. 12 own, into: '0UNErRs 


z 
andi It is 172 Ounces: Cube the Dintoerers, and (ay, 


Wn 2 


TOte, 4 inches. : - IS 4, 2f.- and becauſe the firdt and third num- 
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Off GUN? X ERn 
Athy Ge gh tate = 002 g1l3 30 99191 grit 5 45 1 
t0-172 bore j- Jo dur SKO0K A gtoW wor! 
| $ is the Cuhe of $ rin Wh 
To the. Bien! or Oy of the-Shot required. 


And fo working, It, you will have the Reſult in ounces, becauſe 
the middle number. was reduc'd into ounces 3 which divide by 16, and 


the Quotient i is pognds, the remainges of the divifion ounges:: 


QUEST. 4 | 
The Diameter of a Shot bein % En. fo fond the Crpnron | 


« ions bigheyt pF tt. 
HY i mY «coat 


Examp. Let there Pp Shot hes fs 6,2 A inches Didier J pi tihlund 


the CNOIE * ? TOOL To - 
KA x The Andlogis CS ING.» 1, AQORE 
'M 7.is to 22 3 ſois aa Diarneter of: any Shot, to his theondce 
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veolenh 03 bog 72 lanples i 200250. 7 4 PR ll 
» it 7 '22 6, 20 Bri wollch ci50d dll 
N00 WETACY 
Ge NERO. oe 23048 (1948 
Facit IPs x 1M inches I 240: NY Fs 
Circiirbference © © 136, 40 


QUEST.-;. 
| ThoC ones Pf a Shox" "given, to find the Diameter.” 


Exam. Let a Shot be 19, 4s inches about % . demand the Diameter? $f 
Ky 0 wntabe oxerace Sherk 9 £1 1/0 
As 22,i5 to 73 ſo is the Circumference of any ed & to he Dia- 
meter. Therefore, 


9131: 43a 8.2.4 2] (Tz: + 
A 22; We DE ND 19,45, Lbs 29#F Hd 5d- 
Fadt's 6294 nies MY ox. © WT 6; 19 I Y 
ef a hundred = 


QUEST. 
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QUEST. © 


To fthd ths : Content of any \Circle: or" Buliet Maar 3 
cleft ( it x in the middle. 


(i9%J [£12333 $*" {\ '1 Tha General Analogie ar Reudles © reg tt? 


osrr4y i is tH » reyfToik the ſquare: of the Diameter of any Chr to 
thedyperticia} Contents! 151i? yo i: (15 1 | 
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To find. the ſolid Content of any rowid Shot, ayd iſo bis gy. 


ons) [SIA wt JW \ Wl Q% DEOLI EST 


Pd 


\ a « EINE v* * > "\ TI: a\ ©, VN , — - 4 « " bs $ % 4 | % 
COLT TTTTRCKTHr 1 bunny V4 Ma Aedt wag 


As 21, is to 113 ſois the Cube of the Diameter of any, Globe! or 
robs Biltee] to-the fold Content of the Fane. ih A] 


v8, 4 2 l F IX "4 <4 Ly 
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Examp. Admit 7 have ; a Shot that is 6 6 inches Diamcter 3 I dere to bnow 
- bis Content A poMe Fe 3 da 2d 30 123ml 5: 
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+.” 40M * Diaimeters, Cube” 27 6 
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* » Next, 30 kriowthe Weight of this Shot which we ſuppoſe to" be Fron. 


T6 0/01 WW; ib 
'Wote, Tha © pno.inch. h. follid-vf., Iran. weighs, 4 gancegs thaekoe. Pl} 
multiply 0 'Contart;; in inches. by.4;. and.- Wo gives: the; nia Jn! 
av. Jonas £ or nanl) ore ord ) acoinnur] 10 22077 2 3 IRO44 
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B To find the fold Content of the Fats Conn yds F 


a Gun. © SWAN th | 


Ake the Diameter of the Guiis Bore;*#rd find the ſuperficial Con- 
tent ofithat, Circle; iCa$/Hhave.ſfitwed in;Deefi 64 Yi thenzrake 
the depth of the Bore, and multiply it by that ſaperticia) Giritent; and 
you have your defire. ( This'is it the Gan be full borcd. ) 


QUEST RITKQJZ 1B\Av\ JAY (INV Wy 


T7 he Weight Pg a Gun By a. given, FA Fr the Weight of another 
Guy that i 1s of the Joe Mane but thicker or thinner rTOe. 


| T% GY greateſ Vis of the fro "TIRE and wed of, $64 yu 


MEETS WINIIN MBE. 

y Þ/ Cube Y he ELLE o* the IS Bagg £94 neD wht 
Is to his nee, ; 

.So is the Cube of the Diameter of the —_ _ Ti 


To his Weight required. 0 Y 


"cn, 
$78: 
'£. Þ $2. 


QyY EST, SR | : : Q 
{ 0, find the Weight of, any IroGun that is Joynd,.1 — rang 


ing him ( very near. ) , 


; Ake the heigh ht.of the Gun. at ha Britch, and allo at the Marte 3 
then take his length, and find ontent, in. inches, as thoygh 
he were Wl ſolid; This Jone, find'the Coll f'the' Concave: and. 
ſubſira@'charFortttie othe};' and ob kit nd'the' 
Content of the Nuts or Trunnions ( which are Cylindrical ) and vive ve 
fent allowance for the Rings and Britch ( without the utmoſt 
height ) and adde them to the remainder 3 the ſum is the Guts Con- 
tent in inches. .- 1: PEE" 
Now becatiſe one folid inch of Metal is 4 ounces, Sh AY Con- 
tent.in inches by 4, and it gives the Content in oynces 3 268 divide 
. them by 16, and the Quotient is'the Content in hrs 3 ; the remain- 
der T1 "we Diviſion i 15 outices I 'becauſe 1& ciitices tsOne Pound. ) 
| QUEST. 
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F7 Braſs Gun of ht 4000 "Y weight," you nay allow three ounces 
of Powder to cycty:1»21J.of Metal in ſexvice; 551072 5.13 Ut! 144 
To a fortified Gun of Braſs, that's a Culverin of about tio 1. 


weight, and to uſe himindexvicey: w.about half the weight of the 
oj his load of DIAS A Ree his heating. : 


Fox a'Saker, . four. fifths of the Shots weight is his load for Aion 
but for ſmaller Pieces, the whole w _- t of their Shot is their load ; 
but, you-ray abate ſuitable to.yous. diſcre 
cording | 94h ORG and OG! Hy of the Pamdert' L7 © #0 

aj] 29976 icy: q D145 194: JW 11-9012 2 oy a» 
C Note, 'Three _s 48, on Popderi the led for i Tho Ga, 4 is 
Ms mk ERIN: 43-36 


-1Tos! DerobuCabttion; the Tobts traps alan gr rods 
to every 112 . of Metal,if the Gun be 4 fortified Piect'6f idout” 
but in ſervice ſcarce 4 ounces to every 112 7. of Metal ( if the oo be 
Braſs.) OS SN vi SQ 
Demi-Cannon Drake, of about go0o. l, weight of Tron, allow i in  ſer- 

vice'3 ounces to 112 1. of Metal. © TArT 
Demi-Culvetin Braſs, of 3300 q =o ſevvile, allow-3 nies to every 
112.4,0f Metal. -: 1 14 EROWN bis nobwo! Siort yi LIVE 00091T5 3: 

../Twelve Powders of: Braſs, fortified; gupoeighty 3: olbces and 
| halfto every 112 1. of ——_ 34 #9 112{r 
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How to fit a Granado: ſhell for Execution. 


 Qrtfice of the Shell pat in a piece of wood that hath a hole 
ough it, and in that hole put your Fuſe, ſo that it may joyn to the 
Powder which before is put into the Shell, ( at the hole the Stick or 
Fuſe 


FFI. phnahbpate oy 'AC>- 


- 
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Fuſe is put in at 3 ) Set this Stick well into the Shell that it may be 


ſure to-reach the Powder, ang lep thefey bg broad and h "to en- 
rertain the Fuſe. Men do fill-rhe void plage wi "Ng rownd 
Po wder, which uRt© be al Water on fiffo Glue, 


that it may joyn the pul I ſuppoſe your own ingenuity will dire 
you, howto corhpolſe:the: Fuſes, and ahewfusk: omie(writirip Th it, 
- but fill the Concavewich Powe the\ſongetts:2 | 07 1217 TE ) 
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Ts make Powder-Pots. DL (e638 


F'Y 


» 1! a ts $1 


[ ters are BESR» "hk of black Pattars ooh or: thick tal 


. 4: rgund;/Bettles. with >Ears | to tye Matches lighted at bothiends : 
Pill them with dry fine Powder, and thrown upon the Deck\opoihers 


where, they-provig often th CR abd avenge, 


their own Powder-cheſts. c17 11999 024087 


Thus much tending to a Sea-Gunner. . 1 thought it __ be 
improper to this Book, becauſe Maſters Mates are ſometimes Gun» 


:ACrS-t003 and all ought to-know t 5 that 2oto Sea, 
OE gb i W395 a E- 
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T1.” Any Number under 10600 being, given, t6 find the 
Logarithm' thereafur © coy ho ne es 


A Deſcription' of the Table of ten Chiliads. 


HE Left-Hand Colume of eyery page contains numbers 
increaſing in their natural Order from 1 to 999. The 
other five Columes of cach page contain the Logarithms.of 
all Numbers from 1 to 9999. 'The five Columes on the 
Left-Hand Page have at the tops of thein- theſe Figures 
(larger than the reſt) o, 1, 2, 3, 4+ ,Thoſe on the Right-Hand 
Pape, theſe, 5, 6, 7» 8, 9. And tlie Numbers in the firſt Colume of 
exch-Page-towards the Left-Hand, by the fupply; of thoſe Figures on 
the tops of the other five Columes; wittextend'thofe Numbers to 9999, 
and are ſo to beread. ' All this will beplainby the Examples following. 


Example i. A Number conſiſting of One Figure being given, to find 
the Logarithme thereof. | 


At the top of the ten Columes of thetwo firſt Pages of the Tables are 
the Figures 0; 1, 2, 3» 4» 5» 6, 7, 8, 9, and the Numbers under 
them are their Logarirms ; SO the Logarith, of 4 is 0.6020600 ; whict 
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of 
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"The Uſe « re 


is s the Number fanding wider 4, and the reſt as here i 1s ; expreſſed, Fir. 


CY 


. —_—— 


—. 


x Nymb, Lo AY. 
. 200Gee. >> © -, £5 08989700 
Ry * YJ6.. 0F/8151z 
04771212 Fhe Logar. 'ﬆf 7is 0.845 0980 
0.6020600 8 0.903090g9 
9 0.9542425 


Example z 4 » p< = ſting f rwo Fi om to fng the Loga- 
rethme hou X 


*; ITY 
? k 


Let it be required to find the Exartibine it 3» 73 . Look for 7 ( the 
firſt Figure of the given Number ) in the firſt Colume of the firſt : Page 
of the Table, and 3 ( the other Ei fred fn n the top ;,and againſt 7in the. 
fide, and under $3 in the. top, 'is t Sber-t 117993405 3 5. "WEIR 1s.the 
Logarithme of 73- And thus you fhal find that, 


Numb, Lagas. 
I 42 1.6232493 
68 is 1,8325089 


The Logarithme- of « 
4 Wa © 0493909 &. 


Exittplc 3. A Numer conſiſting of three F ignres, ro find the Lo- 
ab ms thereof. - | 


Let it be ropes to find the Logarichme of 476, Look for the firſt 


two Figures of thegiven Number {( Y:z. 47) in the firſt Colume of the 
Table, * the third Figure { Y*z.6) atthe top : And then, againſt 


47, and under 6, is this Number 2. 6776069 ; which is. the Loparithue 
of 476. And ſo, 


Numb. Logar. 

241 2:3820176 

Yue 7.0garithme of < 480 is 2.6812412 
" 838 © 2.9232440 Cc, 


_ _ ——— — Ce EE IIS — _— ; 
Table of Eogarihity, A 
| PP & « #6580 X &% 2 


—_— + | 4 Number eonfitin of four Plares being given, to find 
the Logarichme A 49, | | F nes 5 fi 


Let the Logarichme of 5683 be require. Look for the three firſt 
Figures, (x. 568) in the firſt Colume of the Tables, and the laſt Fi- 
gure (iz. 3) a: the top : And then apainſt 568 ( in the ſameline) 
and under 4 you ſhall find this Number, 3-7545777) which: is the Lo- 


” 


garithme of 5683. Andſo, 
Iumb. Logar. 
eng agtd $2372 . 33951147 
The Ligort -_ | 


4070 is 3.6095944 
6904  3.8391008 &7, 


| And thus much for the finding of the Logarichme of any Number . 
gircn, not exceeding four Places. It remains now that ſhew you howz. 


Abſolute Number thereunto belonging. 


yy are here to N ote, That ifthe firſt Figure to- the Lefc-Hand of 
the Logarithme. givem ( which is:ſeparateifrom the reft by a Poirr 
Or Comma, ) | | "4 © ; III | | 

o” ; - 

Then the Abſolate Number anſwering 


i A 
J2f . to that Logarithme, conſiſts of . Ia C Places, 
A 1atS 0 


«s. ww # 


Tus by the way of Gaution : 'Now for "Examples, 


. Example 4. Zer 08450980 be # Logarithme given, wad 'rhe Abſo- 


lute Number anſwerins thereunto be required. 


A a2 | By 


OI rn nemo nn —_ 


d- 


— 


— PEI "OY ack. 


By the Rule fe bore the ekk = being « O (ora Cypher ) ſi "onifies | 
out” of{wering- thereunto. conſiſteth but of one-Figare, 

"nd there Gre vl Ve ger in the firſt Line of the firſt two Pages of 
the Tables ;, ſo looking along that line, you ſhall find this Logarithme 
to ſtand. vnder . od "."{ 7a. FIG þ is the: Abſolute Number anſiver- 
Lact TO * 4, ps Ba. os "As No of 


co f 2 
& $ & % g a. Y ; 
k 


wy "3 4 . at Ss 24 » % 7: amt a 
v Aw. G 
bs ; 


vu $49.2 Þ 


", 


"Examp 4 2. ' Tei the bs Lofacfine Ve « 1 62524955 and the 4 fo ah 
- Number belonging to it be required,” © 


ki 


3s 27 WY 
By the firſt Figure bene a it appeary t that the Number ſought muſt 
confiſ of two Figures, and 1 op will befonddin s lines 


of the two firſt Pagesof the Tables ; w refore look there for the firſt 
Number, which _ with 6 after the I, and that you ſhall find to 
ſtand-againſt 4, then.caſt your Eye, or carry your Finger:alohg that 
line till you find. the given. Logarithme ;. and ſo doing, you ſhall: find 
yout given Number to ſtand under 2,which joyned with the 41n the firſt 
Colume, makes 42 for the abſolute Number belonging to the given Lo- 
garithme, 1.6232493, And thus you may find the Num anſwering 
tO any Logarithme of wy; w'Y In theſe frſt: M lines. An fo, OM 


l Lon. wh Vagb. if an 2:7 P 

\.- The abſolute Number & 1.83435089 +68" - pres, 
--x\ - , anſwering to this : $ x $832964 Þ $I Ls 
HO. 1.9493900 8g &c. ' ks 


£ , 
g -. 
* roy A , { : 
\ 
. 


Example /3.". Let bis Logarithme, 2: 387 3358 be om: and its Abe 
—_— Nmber be required. 


3 4 
” c 
* =—_ 


. It appears that the Number'required will conſift of 3 Places: Where- 
fore look in the Table of Logarithmes, 1 in the Colame that hath o at the 
top ( which .1s the ſecond "Golums m__ ull on” find your Logarithms 
' pryen 


- 


— 
S> 


A "Tally [4 © Eons, ——— 


given (or the —_— *theennto being leſs ) and you ſhall find 
2.3802112 to ſtand apainſt 24, then caſt your Eye along that linetill 
you fand a' Logarithme nearer to'your Logarithme given, and in the 
Zim line you ſhall find your Logarithme | in the Colume that hath 4 at 
the top 3, which 4, being added to the 24 in the firſt Colume, makes 244 3 
ich is the Ab olnze N "ve * anſeting to _uc as 2,3873 $98, 


AytTo,.... OY TER wo. 
BN ” Ap s +. it 6 


: Logar. * Nunk, 
The Abſolute Number $5 .1003705 126 


+ >:f:17 [: anſwering; to this .:<-2:4683712 is 294 neareſt. 
 -  Logarithme. 2,.8712004 743 neareſt. 


' Ear ple 4: * 26th Logatithme 3.3751147 be given, and let the 
fulutt” Nur umber Aon gt theteunto be rome | 
Toe OVEN > 


i ww 
S 


| nk 
#4 


; » «iN 
$4 v»% **x: 


* ” 


4 6%, 


pears that the rower on will confi of 4 LEM therefore 

ba © till you. find your giyen £o- 

e the pms Breſe © tO 1 pine ſhall find. 3. 374748320 ſtand 
nr 237 then caſting your Eye along that line, you ſhall find your 
Even Lo by lane] in - Colume that hath 2 at the Head of itz which. 


oth gen 237s 260, WORN 972, for the Abface uber 


-_ 


$f: 
oX 7 
+ kd - 
a * 
Sg 
_ 
+4 
5; He 
ve 
Si 
oo 


225 x, + oy Worn Sr rrecg by 5 
| gy »4 7 TEES 
© Lig I 4 T3 0 ER th 5 | _ ” 
if vn wy vl, 
3.52190 = 24 nea HR 20 
322816407 "1913 oreatel LIE 


nn £55 ene YORI 2D 
If you nnothibt e dice Cogarithae ;you:look PR in the Table, 
you muſt takEthe.. - neareſt Ghereunto, - -As by the Examples above you 
may ſee is done. ** 
A oR%y rg A.i2 No 9p a Js *%" » ado - RT 


one — Wh Se." 
ic From 


he ee ————_— 


- Mw 


6 


; rom _ then is ; evident; that it is kwtzhe chang the MN 

{ or firſt Figure to the L& Hand ) of any Togerne and you may 
take the Logarithwe off a Nymber to the ,: part, or the, roo Part of a 
Unit; for here the Caraldure of 59 was 1.7708528, and the Caretture of 
$9.0, which way be 59 85» 15 2.7 23.3 "which & 5 the ſame ſame as. Hoa: 
other. excepting the Caraitare, or fir -Figur c towards the god 


or it you take 59. 004 which wy be 59 ;2£, we Logerithme 
EXAM ple _ Ns the Logarithme with a Dechnal Trafvien 


Number with 2 Frattion annexed. 


59CO is 3; 044d. And thus you may take the mine Yong 
N09 


Admit 1 would "WW the Rwy arithme 
down as a whole Number. 332, and fo leok = Ml! og oy 


and it is 2.5820634. 1% Them this is the £5 _ 82, or 39,2. 
The like for any other. , £4 J92z 20.3. 


le 6. To the Io 
Exzþ Figs 4, th « Logurthne of 4 Wake Sider vith « 


, Lexi Wember be JI I xt Ccfireto Livre the © © WR) 
y multiplying the Whole Neaver by 7, and it «1 he 


32. to which 
I La the $, andthe Tocal is 23> ; This done, Subſtrat the Logerithme 
of the Denominator of the I: 


 Fraft6o h arithene of the 
Numerator of the ſame, at the R amainder 1 15 A Ln of © 


Whole Number 20d F 
Exatort 


The Numerator — 222 - — = 2-246 20. 


The Logarithme of 31 144 I$—— I T3550” | 
- Thus much forthe Uſe of the Table of Kieriiiner 


Sines & Tangents 


T thetop of each Page of the Tables ate ſet in large Fi- 
gures the Number of each Degree of the Quadrant, thus, 
1 Grad. Signifying 1 Deg. &c. going to 45 Grad.. And 
in the firſt Colyme to the Left-Hand, is the 2rmnres from &' 
to 30, having M at the top, and beginning on the next 
Pace at. 30','and ſodown to 60 Minutes : and ſo they go forward to 
45 deg. And under hay Degree, and apainſt every Minute, is marked 
Sene : Sine, Complement : Tangent ;, and Tangent, Complement, And from 
45 Degrees the Tables run backwards ( with the Degrees below.in lar- 
ger Figntes ) to 90 deg. the Minutes upwards having M under then; 
ngnifying Minutes - And under the Columes below 1s alſo written, 
Tangent © Tangent, Complement : Sine : Sine, Complement. 


Example r. How to find the Sine or, Targent of any Degree 
_ and Minute. EE a 


Look againft the 37:nute of that Dezree under Sine, and you haye 
your Deſire : If your Degrees and Minutes be under 45, look for it 
from the Sine or 2 xy tamed ar the top of the Fable; if more than. 
45; Degrees from the Sine or Tangent, named at the bottom : As, 


PAT + 


—_— — * 


} —_—_— — www 
a hd : - 
= _ | 4 - = . —— > Oh 
"_ F _—_— —y 
© mY & "a © " _ ; : #4 . £8 ” 1 > _ ___ 4 


The Sine of 22 deg. 20' is —— 9.579777 — above, 
The Tangent of 22* 20' is 96136407. | 


If you Were fo take the Sine Complement-of 2.29. 29'z or the. Tangent 
Complement; take. it. ſo under Sine Complement z, or for a Tangent Com- 
plement, under Tangent Complement. 9 7 
| But if you were to take the Size or Tangent of 56* 15 , or any other 
above 45*, take it from below *; ſo the Se of 56" 15 is 9.9198464, 
the Tangent of it is 10.1751 074the Sine Complement of it is 9.7447390, 
the Tangent Complement of it is 9,8248926. , _ 

If you” would find the' Degree and Minute-anſwering' taFatry Loga- 
rithmaticel Sine or Tangent, look for the neareſt to it, and againſt it 
is the Minute, and oyer them the Degree, if under 45”; or if it exceed 
45%, you will-find the nate againſt it to the Right-Hand, and the 


Degree. helow, thus, * | er 1 


+ This Logarithmatical Szne — 9.4704. 43——=E— 17 , - 
'. This Logarithmatical Tangent — 9.4902858 —— is — 17* 11” 


_ ; - L a Th ©* Y y- py —_ FI 
» IN 9 * 4 'S4 " 1 A 
Et. h - = 
Or Below, ThOYu Th CF PEP PHI 2 whey Þ = 
- Ys "Ow 3 Y . , , kw 


hs, , 
= 13. 
"F 


This Stnes Logarith. — — 9.9678763 —— is ——— 68" 14-- þ 


This Tangents Logarith, —- 10.3987042 —— is — 68* x4” 


"A " - 


I have ſhewed how to take a Complement Arithmetical already, but 
leaſt you ſhould not meet with it, I have here done it. 
. Whatſoever the Logarithme of any Sine wams*\ the ſingleFigbres 
-one by one ) of 9, take, inſtead of the Figures themſelves;-- Thus, 


The Logarithme, if 56* 15'5 —— Is —— 9-91 98.464; CE 
The Complement Arithmetical —— is 0.0801535. 


— + 


W | | The 


——_—_—_—_——— _—_— 


kts. AM — ad 


| Table of Sines and Tangents "gp 9 


——_— ———————. 


The like of a Sine Complements Logarithme, 


The Complement Arithmetical: of a Tangtnt, or Tangent Complement, 
is the Tangent Complement of that Tangent, or che Tizpeve of that 
Tangent Complement : Thus, 


—_ 


The Complement Arithmetical of 4, 56, 15 is 9.8411871. 
The Compl. Arith. of Tang. Compl: $6* 15' is 10.1588128: 
The like of any other. 


To find” the Arch anſwering to any Artificial \ Sine & 
Tangent. | EY 


Suppoſe I have this Artificial Sine 9.5403719, and the Arch be re- 
quired that this is the Size of. 
 Llook 1n the. Colume of Srnes, and find nat exattly the ſame, but the: 
neareſt greater than It 1s. _ 9.5405903 

L look and find the neareſt leſler to- be ———— 9.5402489. 


Wi — 


CN INEY 


I Subſtract theſe one from.the other, & the dF. i5-0.0003414. 


 Alfo Tl Subſtry& the leaſt from the Sine given 9.5403719 
9.5403489 


And the. Remainder i; 230 


Pll ſay now by the Rule of © Proportien. 


AS the greater Oifference ————— -— 3414 
Is to the leſſer difference - 0230: 
' $@ #8 Go Seconds, that is 1' to 2a. fo urth Nimber, 


« 
I nog be 


3414) 1 3800(4 Quotient, 


$ 


13656 


144 Remainder. 
Facit 11 and ſomething - more. 


Then I conclude, That the Arch anſwering to the Sine given, is 
more than the neareſt, leſs than it ( which is 20? 18 ) by 4 Second: : 
So that the true Arch to that Sine is leſs than a Sheorld ) 20? 18 
4 Sec. The like 1s to be underſtoodof a Tangent, &c. 


To find the Artificial Sine or Tangent anſwering to any 
Arch given. 


- Snppoſe the Arch given be 31* 10' 11 ſec. I demand the Sine an- 
iwering this Arch. 


I look in the Tables, and find the Sine anſwering to 31* IC Is 
9.7139349 : the Sie anſwering tO $1” 14-0 9.7141437 3: the dif- 
ference 'of theſe is 2088 ( for but 1 ofa deg. or 60 ſec.) I fay then, 


As 60 /ec. 1s to 11 ſec. 
 Sois the diff. 2088 to a fourth Number. 


Which I find to be 382. : this add to the leſſer Logarithme of the 


Sine 9.71 393499 and 1t makes 9.7139731, the Sine anſwcringto the 
Arch 31* 20 11 ſec, 


And the Reaſon is evident ; for ( as my Father Mr. Richard Nor- 
wood ſaith, ) 


As the Gifterence of any next two Logaritems 
Is to any part of that difference -; 

So1s the difference of the two Nambersto TS hey: belong; 
To the Proportional part of thitidifferchce; tid the Contrify: 


Theſe 


ht 


Theſe Things I promiſed (in ſeveral places of this Book ) 
to write of ; that {o the Learner may be able to work any 
thing ( that requires ſuch exaQtneſs) to a Second ; 

- that is, to the 607. part of one Mrinare 
of a Degree, or the 60h. part of one 
Mizate of Time ; or to the 
00 part of a Mile 
or Foot, &c. 
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M þ  It-i6 not my. preſent Purpoſe in this Book to: 
N / e2S0 this I rument, which is ſo 


& « 


Proportion, 'Erigonomitry, 
Gunnery, Menſuration, Square and Cube- 
Root ; and alſo Gauging, that requires a, more 

particular Difcourſe : But of, this I ſhortly ikea 
to write more largely in a Treatiſe. by it ſelf. 


therefore confine my felf only to fo much as pertains 
to Navigation. opal =. vg 
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al, that it Anſwers and Reſolves all Que 
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Jnbkage o pert the Radirs 1B. prot au we 
| from one to ten, and from inioa rundred (and if you; 
e: ſe) from chence to a thouſand, endingat the line AB, as by the 
ure of the luſtrument wil appear. % 2. Ots 


4-1} 


_—_ OO - a - 
-— $4” un BEI os n—_—_— ———_—— a _— <<: Pn i a. ett 


2, On the next OR) Circles 3 IS a ; double line of Nambers 
repeateg, b " ing and ending at the Raarms Line A _B,. from one 
tO iT -and f: toa hundred ;, as in the Figure. 

On'thenext graduated Citcle is a ſingle line of Numbers, be: 
"59d and ending as the others, from one to ten, at the line AB. 
Theſe three outermoſt graduated Circles are fixed; but the two 
graduated Circles next within the pricked line, are moveable. 

4. On the, outer edge. of theſe ſliding | Circles; is another ſingle 
line of Numbers, Tabbed as the laſt ; andin the Circle juſt under 
it, next to the "innermoſt edge of the fame liding part, is a line of 
Sines, in'two Circles from 1 to 909, and within. it is another- prick- 


cd ke. "The next Circles within the ſecond pricked line are 


55.0 ! | the outermoſt edpe whereof is a line of Sines of the ſame 
ans, beginning and ending as the former. 
= Bo ie innermoſt edge of this fixed part is a Tangent line 1n 
two. Circles, from a Minute to 45 Degrees, ending at the line 
A B. 

\7.. The innermoſt Circles of all is another fliding part, whereon 1s 


a Tangent line, Dd and ending as the a 
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Multiplication, &r. Aofirad by this 
| Inſtrument.” 


RI —— 


T? multiply 12 by 12 Jook on the F8 le line of Nanhers on the 
fixed part for 12, where cheRagius line muſt be accounted for 
one,ard'two of the grand Decimal Diviſions for 2, at which is 124and 
againſt ;it inthe. donbleline'of Numbets is 144 3 which is the P1 

ny ; Foil: that 1 in ithe- troble line of Nambers. Is 1728. 


6 


Sliding Cirtles in Arithmatick. : 


we 


Suppoſe in a ſquare ſolid piece of Timber of 12 Inches, 1 would 


know how many Cubical Inches ts contained therein ? 


I look inthe ſingle line of Numbers on the fixed part for 12, and 
againſt it in the double is 144, and againſt that in the treble line is 
1728; which is the number of Cubie Tnches contain'd in the Piece. 


By theſe two Examples you may multiply any Number by it ſel 
being equal, without moving the ſliding Circles ; andalfo find the C5. 
bical Inches of any ſolid Body : Asalſo in 


Diviſion, without movmg the (ſiding Parts. 


To divide 1728 by 12, look for 1728 in'the treble line of Num- 
bers,and on the ſingle line is 12 againſt it, which is the Deviſor z &in 
the double line of Numbers, and between both in the lines, is.14.4; 
and f6 many times 12 you have in 1728. And thus you may divide. 
any other Numbers, * ; IN 


Suppoſe the Number given were 1728. pence, and you would have- 
it in ſhillings, divide it thus by 12 (the number of pence in'a killing). 
and the 'Qnotient is 144 ſhillings ; which being” computed, is 74. 
4s. o A. | IS, F224 6:5 CL oh 

And note : That this Inſtrument 1s divided and graduated De- 
cimally from one to ten, and ſo to a hundred, and thouſands ; every- 
tenth 1s ſuppoſed to be divided into one hundred parts';. the ſmalleſt. 
Numbers are Des:imals to the next greater Numbers, and 'the next. 
greater Numbers are .Dec:znals tothe figured Numbers..,;, | 


So-if you were to compute any Sum in pounds, eyery pound is. 
divided into ten, or one hundred parts of a. pound; and. if the fame 
Number be acconnted as ſhillings; thenevery ſhilling ts divided into 


ne 


10, or 100 parts'of 'a- hn Re fame Number be accounted 
pence, its 10, Or 100 Parts of one' penny 5 and the fame of. farrhings. 
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The Golden-Rule, or Rule of Three. 


If 1. Yard of Cloth coft 4-3 4, what will $9Tard: coſt 7 | 


 Towork this, flide 1 on ths moving line of: Numbers, to + -- 
pes. on the fixed-line, and: agalnſt 39 in the moving line wil; 
$40. 0n the fixed lines, i DK, IN, 


*% Cy *% 
$;: 
, g. » 
n 


Now bring it into pounds, thus, 


-$lide 20, the number of ſhillings in 8 pound, in the-moving Vine, 

_ to one onthe fixed line of Numbers, and laok for 340 in tre mh, 

ing line; againſt it, on the fixed, you have 17, which is the aumb<r 
of pounds contain'd in 340 5, = __ 


» Is 


To revert the ſame Queſtion, thus,. 
If 8© T ards of Cloth coſt 170, or 340 FS. what will 1 Tard coff - 


. Slide 340 18 the moving part, to 80 on the fixed; and againſt 1 in 
the moving line, will be-4-25 prs. on the faxed line of Numbers; the 
3 4 Is ſhillings, and the 25 is fo many parts of 100, into which the 
A ſhilling 1s divided; fo you haye 3 4, and 4 5. before, that is, 4 5. 3 4. 
# one yard will coſt you, a 


** If one pennd of Tobacco coſt 44, 1 9. what mill 80 pound coſt ? 


Slide 1 on the moving line of Numbers to 4.25 on the fixed line, 
and againſt 80 on the moying line, will be 340 on the fixed line ; 
which is the Product in pence. 

.; Note, That if the 8 had been 809/1.. then the 34.0 had been ſo 

many pence z if 8000, then the product of this Number would be 

4090 a, which may be brought into pounds or ſhillings, asabove.is. 
i2ht, Rs  EQIY | ? 
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Suſpoſe there: ſhinld be:8 Srametr. rome Homes de Ship; whoſe Wies- 
come to 1241. Ahed 301. due. for Wager, B andiC —_ piece, 
Dis1l. E141. Fx21l. Gaol. H 8. By 'reaſ, ſon 7 EY ow 


- Negtect of theſe Af the Gogas laden upan 
39 $0.56; Hhe 4% f-5 Lt WR of 
"2 Cabin, Wha 14k Man agg (2 pj _ 


- FQ- —_ this, add-all ahi 
which you. will: -hod coins to JOY 


"Ii 124 Chg whale 


n3he fixed ling of, 3, the Thi} 

Sym.of $A. A par $#6 "199 
ite to 1; 00 the fixed Line, youhaye each Man's.pa W916 Ong at 
£0 Pay 3 As S3 | | os x 's tric} 


Fiſt, 1 look for 30 in the movingTine of Numbers (301. being 
*(heSmti was to have) "againſt ir, on rhe fixed Line of Numbers 
you have 9 and 690 Ps which'i gl. L., jd 134 6. 4 as 


Loy Wap ana. \& To 


. Tj : q bo : 
* ” * i; ” - £ * wes 7} on 


For the Wages of B and C, 1 al. 2 piece ; Jook for 17 on the mo 
ving Line,and againſt it onthe fixed Lineis 5 and Fo pts. Oye is 5 & 
TO $ APREcE: . And thus, ? Yn, a 0h . | > Hy \P 
IT MO 2919TL) 90431 9 JV yr 


Af you look, wichout pving; Be hs of every 
e fixed you have 


Man's Wages onthe moving Line, againſt it on tl 
the Sum which each Man ought'Þo- Pays, 


Pas $16 4. muſt pa 5.398. 3 , 
BS. Wages 32 1,ahul 4 E's Was FS. 


4h Is 5 Wig it RS TY WY 
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A Queſtion i in Fellowſhip Reſolved, A 
this Inſtrument... 


AL SP 3.3 2:1 5 | 3 
wo ub: er O8oT . * | 
_ eng A, B, C, D, and "By out , znto 4 Stock; by which Y 
ock they o oained ZO | Ry FI + I, B wm 773 72 I. 6 put mY 'n 

pat 


Faxe 3 


- D'pntiz ga 1; 484 E purin 421. being 'added, - make 300 EL The 
Queſtion Ir, What Aa is each Mars Proportion i BEIFK) 


Slide 3 ( 
gal SEN aber or Pro | ortion of « EaC Man's Stock. in" the moving 
Te, againſt it on the fixed, 1s the' Gain which each nah mult have. 


which repreſents 300.) to 50, 6n the fixed [Line, then 


odk for fs part 84 in the moving Line, againſt it on the fixed 

is 14 1. then look 72, B's part inthe moving Line, apainft it on 
the fixed i 5 Re then look for 48, . C's pars. inthe moving Line, and 
inft'it 0n the-fixed'is $9, then 1look for D's part, 54 in the mo- 

ro inſt on t e fixed is 9 1. then I look for 42, the 
F put in, in the moving Tine and againft it is 71;cach 
cing added, makes We the whote Profitof the above- 


A 


* 


- The 7h of the Sliding Circles in the Reſolving 
17575 3-3: f Roght-Lin'd Plajfi Friangles. '/ 


A 4 —E HICKS ERR Be” _ - 


RNs | 3 k . ; 2 : 
\ " % 4 * : A ” - . F hy. 
"Y . 


the Bi fe * Zoven | to be and deg.. and oy 48: AY "e 
43 Gr 8 nd the 


33 *%s- iy min. 7 demand 


rings > : Liius 4 $1 SE 


The Proportion. 0 9 


" ASthe Sineof the Angle B g6* Th 2 AOITIONNS, 
jorothe Sine of the Ange 4332 455... 
So is the fide AC 


ToBC 26, 73 the Perpendicular 
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So is the fide 4o © 
To the Hythe 
nuſe 48 11 pes. 


Move56* is -' the fliding line of Sines, to'33 45' on (the fixed line 3 
of Sines and withour any'other motion, look for 40 it thefingle line 2 
of Numbers ; ainſt that on-the ixedline, Jou have 26, 7 3, Which 
is the Perpendiedtaf requiredst yon ors ogg 3 Ae 


. £ "as > 5 ” þ. 4 
ws, T7 AT £ A 9% 7 £1 %.* ys k.- 4 'S; 4 


*7 EC) oe 


GET te 


Next, To nds Hypuberiufes, *. 
CASE: 11Y ; 4 
"- The Proportion: 4 


A 
% 
, 


i. 


Pe the ed | B 56* revs SURG OY 6 ite deg JIN RANG TI U 4 A 
So is the ble. Fi C40, in proportion to the Hypotkemale Wi. "8 ''Y 


:* *Move'$6* 15 it the fliding tine of 4ines,t6 the Radi jus ori 
go on the fixed line of ſines ; then look for 40 in thefingte Tit Ee 


b Numbers, and dla the Hypo 


| XEQuIreOs c.. OE, & \ = 4 $109% 4 * « abs 
Pri uy @95i't © "Revert tbe fame aſc thus 4... 36! SftoS ry bg 
QTY * of vo +G : A' '$. = * 1v.. 3221 253 i0 el "dp 
 AthitiltAs -:.y 264 Perpendienter were giver, ro find the ; Baſt in 
#iypo othenuſe T?Aa | 


_ Sine A 93* 45 "onthe moving Sines, e173 08 
** B; 56-45 on the Gxrds - wo 11d {il cg 2-4 Wt s | jp 
BC 26 /73 pron tie mo ing 

6 A C49, 0ntbe fixed. 


TY OS _ 


27.3 - ares net won vo ” A _— OS 
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The like be -henuſe if you uſe the "=, 
| Prncicular =, did dn: FT before this. 
A \\.: C&68-V. 
The FAYpat nuſe and Angle given; to find the Baſe and Drpdicnar 


up} e the Hyprbenuſe be 48.11, and the 
 demanQthe Baſe AQZ,and the Perpendicular * 
4 | : Is to the Size 
8 is theſide A B 4. 

1," To thefide B Crag. 


'Stide the Radius, or go in the m&rdgge of Sines to 33% a5 on 
the fixedTi ne ofSiness look 48.11-0n the m@ag line of Numbers; 


nfl ofdagaink:tþ That.on the fixed line you have 26- 73; for Teugh Tide B FG 


*2il olgctds Asthe: adiys 99 enithe moviog Sings, |; nid. 
d0iger ,c 0,08 W347 .15 onthe fixedSines3); flniczg ; 2c I tt A 1 


-Sois AB 48.11 in the movicglingel Nan 
To AC 4oin the fixed line of unbers. 
Agaiblt it is GieBaſorrquireds"! 


CA S LY 'v1. | 
Th yon a; TI 6-0 mays Brpowlin ut 


| 6 4 | _"_—_ Fe 03 £0131 AJ. 1 O12 +29 J' A bit 303 zi oe 
\ , Let he F any b AB{(85 before) be hh the. Balg43, 
'T = 145 1d q the Bles ? OÞ 0 ; T; If i OF 
AbBAgnny, Izzo A'C 4038. Lois the Radint. .TotheSino&. 


Slide BA 4$.11 inthe rg Es to A C40 oft URL 
ed lineof N umbers;&h line'of Sines you find 
bl r5' on the fixed li Sing i3the AngleB ; which being 


ubſtratted ous of 99, xemains 3345+. and AITEMER Nd, 
 Asthe Radius C 90, Is tothe Sine A * boo 45 $ i\unadiog 


Modan _ T9 BCirequireb /. -ni2 21) 24 


TT cms m CS 
: BROS l : - B 200 i 7 
11 | | E 


++<% 2.78%, ue 7 ”* —_ 


=g 


F ; \ 4 +,71 3 MO OULEN 
, 2*3 I - e 44+; F455 
= 4 c, but to'7e | ſome” off to cxerciſe and im- | 

prone the nious, Marriner » foc\whom-I nced not 

y . GN . , p ul Ra 

*{13T>it 442424 P1444 3-4 ff 4 - A . 
| 4301; tf Fo | 
ateſt Declination 23*- 30'3 EE 
121 106g is the'Sjne- ens diftance from-che next ; Equi- co 
| noctial part Zibra, 8%} oO oO 
. To the Sine, of the Suns preſent Declination, 19® 45". | | 


| Move: the Radix o. in the ſlding-.Sin 68, to 23®-30', on 
the fixed Sines the & ans: greatglt Jcell ) & againſt 58* in 
the moving Sines , "ru have 19? 4 Dn 5 which 5 15 the Suns. $ preſent 
Declination. | i 


The like Declin agen the, + 9abn, When he is in 28* 20" of 
Taurm, in 1? 40' of $p or Svorp?o”, every of which points 
are Giſtant from one of the EqUanna points Aries or Fabra, | 


© in 
p) 8 5-7 4 """ * ; Pa -- 4 

N bk * * E. : rY 

| =_ FA \. 3 
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Se om RheeTrow u 
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The Latitude of the alas ” degree 20 minutes, #nd the 
Declinat rofoioh of / s 19 degrees 45 ns Ws 


As the Ne oEH of the Oo a a 
Is to he Yo NE vat Decli 


\ Solis tf 
"To the or of Ft \f 


11!” + FJ 
"ES... 


Sifies, & fp Ry offs 10s. 45. the 
Aſtenfional uw OY Setteth 
before Six a Clock. p 
$5 if this* 26* 45" beiti ay# "RO by allowing 15" to 
att hour, and one Cegree for four minutes of time, being compu- 
wy 5 1h, 47 5 and ſo.nihch PENS BCG ot after<the hour 
had oe © The>t9 > arſe(f@owde the Yead. $35 ) 
oy %; n hath North' DeclinationgyhgeRieth þbfore 6, 
1f South ' WEN ok , after 6. + The Aſcenſional difference being 
ded to Six hours Gab time of Noon).will-;give you -the Semi- 
eiornal Ares ex batf.length of. che- Day:3 and being. Sybtr:Red 
irom-$ - leurs, wall leave Yu. the, ates "qotturnal Arch;: or half 
IcrgHh of the EA, 3] "67 A A 338 ? Bt; cf, 
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Tae” 'to 1 
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As the Co-ſ ine' of Lhote ot 39": 
Is to the Radius; © 
' So the Sine of He. Sy 
+ the Sine Ks Amplitude. Ir 
Set oy Ke r com} plement, "of th aticade in the lliding 
Sines.) £0 to Rad, oily e of -96 T”_ a he. fixed ; th n. again! 
a 4x, og eeltatigg) in. The m Line of Sjnes, is 
on the Piry id muc h 1s the A Amplici rude at ſuch 


ime _ SK Declinktiofi ge. Fo 
redo oi" oh then - ' wit out 


appoſe the Suns © Decliriar 
| 2 Eo fi £97 mere fi Sr <0, 


1 the Inſt t from 

7 20" ON! "ig he "oving” $, Is 33? Io on th 
fixe 

_-. againſt an other Declinatibit on' the tho ovitg Lin Li ine 6f Sines, 


on. the fixed, is the POT of "the Sun or a a Jar. - 
 -- 


"4 P 
x. *. " 3 y 
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Rvt ESHIOM 
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The Latitude | of the Mot, At gel wt avinuter, ont the 
- Dechinatiow. of the Sun.1 9 degrees 4.5 minutes being giveny . 
fo find the Angle of. the Suns Poſition at. the me of his IF 
| Rifmg. © cp? FIGUY<3 4 | SEL 4 


| The Proportic $8421; > (2 4. +1 WO IL DER 
As the Co:fine. of: the: Declination 70 is $6.9 ITED 

Is to the Radius go. + 4 TEN 
$i Sine of the {arlrade 1* 2, to the s e'of the. 


of the: Suns ' poſitipii'ar't & tine of his Vee, $62 « Pie 
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PA 0 ONE PE 99 5 onhatay oe, 
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Slide 70* 15. 
nation) to the Sine 


ts the Radios 
Is to. the Co-ſine of 
| So.is the ©: 'sdi 1 | 
To the . Tangent. 


"_ 


Ky io the F2ed Simes ; ; then, 
t, Egainſt 5 g0 in the Sincs 3 then look : 
mfr) inthe movi 


__ 


- 


tude of the place x grees 30 minutes, and t 
- Suns. Declination 19 degrees 45 minutes being given; 
# hone the 6:be apon the true. Eaſt: 


Sojs the Radivs g0 » 
To the Co-ſine of the hour from Noon. 


: | , 
s 


Slide the Tyra: of 51 30 the 

45. on the fixed; then. againſt the'F 
Tangent yov have 16? '45/.on the line of? ol 
lement of the Time fr m Noew, that the Sun will be dye: Eaſt or 
Weft ; and being turned into hours, wilt be 4b. 48;.. So that the. 
© when he hath 19® 45: of Declination, he comes to the. Eaft Point. 
at 12” paſt 7in the Morning, and will be die Weſt 48. 


the. Latitude of the ors + Fee Zo mins and the- 


- 


fk, 51? 30: 9. 
ve of the Declination 19% 455: 


Slide the Sine 51? 30 (the Lat.) to 19 45' on the fixed line 
b | | of Sines, beiag the. Declication, and look for-go on the'moving 
. -1 Simes, a gainſt it you find 25* 35, the Altitude the © will have 

when net is on the Exft or Weſt Points. . , % 


* T « * TE 
p- & "of i - a > "RS. K 4 
as 44, % 4 * . Fy. » = 4% A «* 'JZ by ” 2 by T » An 74» x 
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A £ RV) i - bo L "3 s 
. wok wr. ; - , ? . 


- Fy 


The Latitude of t e place 5x dep. +30 min. and the Sun's 
' - Declination 1 deg. ion, fo find what 
| Altitude the Sun, Da [7 


. 


: [ = : 
| The Proportion is, , 
* . ” Li B 
$ 1 &, $ ay . ot : ha. ” Ev - | F - 8 


"a | ws 


s, — " Isto the Sineof. the ©" Dedlination - EF Ie 
# -": /” Solis the Sins of the Latitude 51% 36s. © W- 
GR” Sine FE the ©'s Alticude at the hour. of ſix, being 


> 2 S 
= . 
1 * 24 FS es 
aw 7 _ : " "= 0 o % lp , = , 4 ; 2, 


Hwy, 


: Slide the Sine of go to the Sine of 19? 45 - - 


nation) on the fixed, Ries s look Ir; $1" 24 CtheLatirade) 
\._ on the moving Sines, and a , you" have th 
the Altitude the © will. haye at the hour of fix. 
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Theſe. Qui 
"revert by the ſame Rules';” whi 
not my preſent purpoſe, ſhall therefore +BY: 
bp of the more ingenious Marriner, whereby theſe hints may make 
ſuch rovement of the Uſes of is nitrur at, as will highly an- 
Cer the Induſtry. 24 "7 Om Th | 
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The Uſe of tl - A 
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ameter and weight of one Tron 
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# of 4 greater 0 or ke 


ing. the 
If  . the weig 


Su noſe aniton' "Shot of4 Jackes Dianicter welgt $ F; p 
hot of $ lac > ; 


on _ ” 
s A, £ 
. . 


GET. of the he leſſer 


= BY @ ha LS EET. 
4 Inches ) 1 ta the Ted EIT | | | {j3H then 
without moving your Inſtrument, look "uf 18 in the Mofing lines 
»* and againſt it on the fixed line will be 35 4 now look for 36 in 
the moving line, and againſt zhavoptne; xed 308 have 72 which 
is the the weight of your ot required. MT THT WAITS | 
Thefame Queſtion Reſalved another way. 
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" Tf an "Tran Shit 6 


Cocke Diamiter® weigh 5 9b what frat 5 Tron 
0 ha of g Tuchr ; 


rDiamerer y mYgn © d.. _ W | 


- -” 
Fl TO” 


_tttwetin a Cobical Proportion-one-to- -another or -as; by 
Arithmar R the Cube of = 1s 64, and the Cube of 8 is 512. © 


To find.the Cube If the two Diamieters above mentioned. 


5 the creble' a 496” irs Tt 40) W "am « 

_ Again (without moving the woRroitions ) k look : Bic the ſingle fix- 

ed line for 8 Inches ( the other Diameter) and againſt ic on the 

—_y line is 64 oo . gare Ty X and againſt that_on the treble 

_ line 1$% bes } 1 "7 7 4tog on the 
fixed life Evly .Io TAR ch is 


ing je you 
anſwers the weights of Ali ot: of: the. 
er loeyer... 1t's be he Cconimon. of inion 0 
hink- OC WIN 


25 
I 


3 aNCh PTY ie : treble line i is 
might; | ſtru1 


dong the 


look f 4 p fie flidir Sothlron et 
edis 17 th and $0577.” Wiict If, the OR of your 


And EGAN ity work an ohher- tows like this, vithou 
. moving _ OE of) af a 1 


fried 
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Sliding Circles fn Gunnery, 


—_— Fd as.” * * 


QUESTION. Il. 


Knowing what quantity of Powder will load one Piece of Ordnance, 
you may know how much will load anty other Piece of Ordnance, 


_ Suppoſe you have.a Saker of 3 Inches 3 Bore, and it requires 4.t6 
of Powder, what will a Demy-Cannon of 6 inches and + tequire ? 


To Reſolye this; 


Slide 32 (whichis 3. 75 pts.) to6.45 on the fixed line, and look 
for 4, the weight of Powder a Saker muſt have, which is 4 tb ; a- 
gainſt this! 4 on the" fixed line is*6 and goo prs. then look for 6 
and goo.prs in the-moving ine, and againft it on the fixed 'is 11 
and 900 pts. then look for this 11.900 prs. in the moving line, and 

gainſt it in the fixed you haye 20.750 prs. which is 20 th. 13 2; 
the weight of Powder to charge a Demy-Cannon. , 


/;AJl: Queſtions of this Nature. being Reſolved by Tables, I ſhall 
add. nomore in:;this place, haying done enough to ſatisfie an:Inge- 
nious Marriner, of the uſefulneſs of this Inſtrument 3 the Ge 
neral Table of G#zzery you have in my Treatiſe of Gunnery : 
To which I muſt refer you, -. - | 


" 


| But if the Bullets be of ſeveral Mettals, you nuſt know the Pro- 
portion- which: one Mettle hath t6 another 3-and therefore obſerve 


_ theſe following DireQons: 


The Proportion between Lead and Iron is, as 2 is to 3: And 
xy Would -Rifowy what either of theſe Bullets' would weight in 
Jia 1xi3 lift 1 2n0iriogont 01904 WON 7 RLEMIOTT, SOTO 10 TEuc? 
' As2 isto0'33'ſogÞ is to 13 tb £,/the weightin Lead. And, 

As 21sto 3, ſo 72 iþ isto 108 i, the weight of a Shor eight 

Inches Diamerer, in Lead. | 


Z z | The 


" A 


Jron, or Stone,or of any other Mettal whoſe Proportion is known. 


 foll 


42 
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Fr Q -. 


ene Example more 3 by which-you yay, perforry any other: Queſfion 


MM... The Uſe of the 
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. The Proportion between Iro# and Stoze is, As 3isto $8. But this 


you muſt underſtand to be of hard Aarble-Stone which is fit for Be/- 


ers 3 and in ſhooting theſe Bulls, leſs, Pawger will ſerve, it being 


Iighter Mettal  _. 


By weight you may alſo find the Diamiter of any Bullet of Lead, 


The Meaſures and Proportions of Mettals are as follow. 


. Leadis to Iron a8 20.3, Leadis to Braſs as 24 to 19. 
Lead is to Stone as 4to 1, Jront is. to. Braſs:as.16 to 18.. 
Jren is to Stone as 3 to 8, ns 


'The more exaR- Proportions of Mettals are theſe following. 
''S 


uppoſe a Cube or Ialeo a certain bignes to weigh 209 
the like Cabe or Bullet of any. of theſe! Nettals all 


loweth, and have-the ſame Proportion. 


16 pes. iv pes. 
Gold —————— 100, 00, Braſs ——===47, 37. 
Quickfiluer, — 71, 43. Io ————— 42, 10s 
Leag ————— 60, 53. Tiny ——=-- 38, of. 
Silver ————— 54, 39. Sto == 15; Oe. 
Water ———— "5, 68. . 


it of any. other ſolid Body 


' Now.if you. would:: find) the, wei 
Proportions I ſhall giye.yW 


though of different Mettals ;. By theſe 


Quelt; 


Siding Cirelesfoy the Buſting of a Ship 39 
QUESTION W. | 


If 4 brafs Gun weighs 35001, Weight, what ſhall an tou 
| Unnof the ſam-Sength and thick; weieh \ 


Slide 47. 37 pts. on the moving line of Numbers, to 42. 10 on 
| the fixed, againſt 3500 (the weight of the braſs Gun) in the 
—_— 1s31380n the fixed : which is the weight of the Iron 
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CHAP. VI. 


The Proportions for the. Building of a 
Ship by this Inſerument. 
QUESTION IL. 


-» 


Suppoſe a Ship f 100 Turin 65 Foot by the Keel; how ma- 
ny Tux ſballt 4s Ship-#e, whoſe Keel x00. Foof ? 


Slide 65 (the length given) in the moving line, to 100 on the 
fixed line of Numbers, and look for 100 in the moving line, againſt 
icon the fixed is 15.3 5pt5.. then look for 15.35 on the moving line, 
againſt it on the fixed 1s 2.36 :' and look for 236 inthe moving line, 
againſt it on the fixed is 364. And ſo many 7x that Ship will be 
whoſe Keel. is 100 foot long: OO 


yi. | 0 Te 


—— pe CER 


CEE” 


20 


© To find the length of the middle Beam of the ahove Ship, which is 
364 Tun, withour moving the Inſtrument. eas 


"The Ship before mentioned of 100 Tn, is 22 foot by the Bear: ; 
look for this 22 in themoving line of Numbers, and againſt it on the 
hxed is 33 & 70pts. And ſo mucli that Ship will be. by the Beam, 


whoſe: Burden is 364 Tun. 
To find the depth of the Hold. 


Suppoſe the Ships Hold before | given of 100 Tun, i 12 foot 518 the 
_ - _ depth fhall this Ship be in the Hold, whoſe Burden i 
294 Ec ne > 


/ 


..-...To Reſolve this, 


Look for 12 on the moving line of Numbers, and againſt it on 
ghe fixed 18-18 and 35 pre. And ſo many foot deep the Hold of that 
Ship muſt be which is, 100 fopt by the Keel, 33.70 pts. by the Beam, 
and whoſe" Burden. tnut be 964 Tar 1000 


_ RvESTION IC 


6 Jy vp , . "OO &.. 4 « , 
For- Gauging a Ship, to know how many T uns ſhe contains,. either- 
_ King*s, .or - Merchant's. Tunnage: .. Wits 
OY WS + 1M -4 5 S e-. > 64 H MY Ke - : CLIEITEO 
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I ſhall miake+uſe-6f'the common given Number, r00-:for 
Tunnage, and 95 for Merchant's Tunnage. 


111 Oupole PHE mas 4 Ship -46 foor By rho Keel, "all! 45; Per by 
-.11 -, the Beam, and'y foot deey in the Hold"; to know how many' 
111, Tum ſuch a Ship mill contain. OO neat 


F 


Slide 100 in the moving; line to- 15-on- the fixed ( the breadth 
eltlic Sip:) or the length of che. maig Beam: , then Jook for. 46: 
- _ Mi 


” 
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Sliding Circles [91 the Building of a Ship. | = 


| the moving line, againſt it on the fixed is 7.84 pes. which I call 
a fourth Number.; then ſlide 1 in the moving line to 7.84 pts. on 
the fixed, and-look for 9. ( the depth of the Fold ) in the moving 


kl 


line, againſt it onthe fixed is 70 Tun, 65 pes. of a Tun. And foma-- 


The Cavnon for Merchant's Tunnage, is thus. 


* As 95, the Allowance for Merchants Tunnave, 

\..-..,-> Is. to.100, the. King®s' Tunnage' ; p 

 ..,- $015, any other Number of Kings T Hnnages 
 __ To. Merchant's Tunnage. > wrt ry 


\ 


$0 look for 46 In the moving line, againſt it on the fixed-yon: 
have 8. 2 tenths, which is 20 pes, of 100, which is the 4th.. Number. 
Then flide 1 in the moving line, to 8.2 tenths 6n the fixed, /and-look 
for 9 inthe moving ( the depth of the Hold ) againſt it on the fix- 
edis 73 Tun f75prs. And fo much this, Ship holds Merchant's: 
Anneye:: 0 oi A oY 2a dh What: nes 


y:;the Keel, and 1 would build another: 


Suppoſe Thave a Ship 46 foot; by;the K 
eſtion is, How many Tuns ſhe will be ?* 


of 65 foot by the Kiel ; the | 


'- Shde 45 in the moving line, to. 65 on the fixed,. then look for 
73.75 pts. in; the moving line, and againſt it on the fixed is 2064 
look for this 106 in the moving, againſt it on the fixed is 153 3 
then look for 153 inthe moving, agaiuſt;ic onthe fixed is.220,;' And 
fo maby'Tun will the Ship be oo 
Gor Ogdtt, O00 C1401 pgs de oats vein) a 

-'T ſhall give thits General Rule, with a "Table. of Proportion-; by 
which-you may take the Proportion of any Ship, from 1007 to 
Wo + and tlus you may enlarge to what aumber of Tus you. 
Þ Co. | | 
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Suppoſe x Whip off 100 | Tn i found to he 44. fort by the Ker 
nbd for HaP, on the Midſhip Beams, 9. foot deep oy the. ze 
and did rake with the Stem forward 17 foot, and the the Stern. 


Poſt aid rake 7 foot off mard.; and youwould build another Ship 
of double her Burthen, or 200 Tun. Ine 


#., 


The common way is to multiply all theſe Dimenſions Cubically, 
that is, every number by- it ſelf, and the Produ& by- it ſelf alſo. 


. As 44 multiplyed by 44, makes 1936; andthis being multiplyed 
by 44, makes "53 which is the Cube of 44 ; this _ Ay wy 
ble, by reaſon the Shiplaſt propoſed is double her Burthen ; which 
makes 170368 ;” the Cube-Roor of this number being extratted, is 
$5 foot 437 prov. which is 55 foot, yg Inches, and. almoſt z f 


ourth. of 


Now you may C#be this with your Pen, as before direted; alfo 
for finding the Square and Cabe- Root, 1s ſhewed by the Inſtrumeng 
in ſeveral of the foregoing Queſtions; T ſhall only add one more 
Example-in this Queſtion, | *: 


Look on the treble line of Numbers for 170368, under is on 
the agis line-of Numbers is $5 and 4. tenths,. the Cube Roge of 
1703009. | 


Thus- you may do in all 'other Proportions.. to find: the length 
of every one of them ſeyerally ; or elſe, after one Proportion 
is found 'by your Inſtrument, it ſeryes; as a. Table to. find! all the 
other Proportions : but, to make it more plain, I have inſerted 
this following Table of Proportional Paxts, WEE. 
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_ Sliding Circles fox the Buſlding af R Ship. 
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To find the Mid-Ship Beam 20 Foot. 
AS 44 to F5 Foot 437 pts. SO Is 20 to 25 Foot 199 pts. 
To. find the depth of the Hold g Foot. © 


As 44 to 55: Foot, 437 pts. Sos 9g to 1 Foot, 339 pts. 


"- For the Raking of the Stem, 13 Foot. 


6 44 to v5 Foot, 437.p1% So is 13 to 16 Foot, 359 prs. 


For the Raking of the Stern-Poſt, 7 Foot. 
| As 44 toys Foot, 437 ptr. So.is.7 to 8 Foot, 81g pes, | 


You haye here in the laſt Colume a Reſolution in feet arfd parts, 
ofthe Dimenſions required, ſo'evident, which needs no Explana» - 
tion. | : : 


Or elſe thus, having your Proportion as one Cube is to. another. . 


_ . A Tabkſhewing the Cube-Rot of the © 


e 


The Cube-Root of bne 1s — } -- C0Oft.. 
The Cube=Root 'of ' 2. is — —rwtrer entrees  —_—_ 260 pts... 
The Cube-Root of 3 Is ————— 1 —-— 442 pts... 
©» The-Cubt+Root of 47s, ——r —rorr Li + $59 prac 
_ The Cibe+Foot of '$S I rg ——— —— Hes 7100p, 05 
The. Cabe- Roor of 6:18 ————— --= $9prs.: . 
"The Cibe-Root of 7 is ——— — 1 — 913 pts. . 
The Cube-Root of 8.is —————-— 2 — 000pts. 


The: | 
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The Table of the Cube-Root applyed as Can- 
++, Nons,' to find the length of any: Ship's 
Keel, whole Burden is from 100, to 800 


- +,» 200 Tm, as t.0oot0'44; fois 1.260to'55.440J 

\ 300 Tr, as 1,000to 44 z fois 14442t0 63.448 

; 1} 400 Tun,as 1.000 to 44 10 1s 1,587 to 69.828 
Ships Burdens. Ja. Tn, as 1.000t0443ſois 1.710 to 958.240 


%, 


600 T'un.as 1.000 to 443ſ01s 1,.8rjto 79.4943 
* 790 T1n,as:1.00D to 4431015 1.913 to 84.172) 
800 T#n,as 1,000 t044 {01s L,200 to 83.900 


_ «1713u9] 5$j20y 


The Uſe of this Table to find | 
-_ - the length of the Keel 


* .. The aforementioned. Ship-being, +4 foot, by the Keel, and 100 
Tun, to find the len 0 


to find zth of the Keel of any Ship's Burthen in the 
above Table. il ar Eres wat cate 


pe . / 
© . 
. 


If yowwould know the length of the, Keel.of a Ship, Burden 300 
in you have 63 foot, 


* 


Tn: in the laſt Colume agaiift 300 Tn, 5 
448 pts, the length-of \your- Keel. * - 


2” IR 


 Applyed tothe Inſtrument, thus :. 


Slide :44 in the moving line- 55.437 p17. of the-fixed' againſt 
20 inthe moving -line is-25 on the fixed <*whiciis the length 
of the 'Mid-Beam of a Ship whoſe Burden is 200: Twp, | 
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The Inſtrument thus fixed, without moving,look for 9 in the moving A 
line (the depth in the Hold) againſt it is 11; foot 339 pr-. the depth = 
of the Held required, To find the Rake of the Stem, 11ook for 13 in 1 
the moving line, againſt it on the fixed is 16.379 pts. the Rake of the 
Ship?s.Sremn required, To findthe Rake of the Srern;, took for 7 in the 
moving line, againſt it on'the fixed you have 8 foot 819 prs, Thus 
fliding the.length of the given Keel to the length of the Keel of that 
Ship whoſe Proportions are required, looking on the moving lineof 
Numbers for the Proportions given, and' againft it on the fixed you 
have the length of every Proportion Reſolved, as inthe foregoing 
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CHAP. YII. 
's NE Wk SE 2 6 
The Uſoof the Infirunnt it Superficial 


and Solid Meaſures. 


Suppoſe 4 Board or Plank of 15 #nches z broad, and 18 foot long, 
\. ©” How many foot is-contaiia-in'thar Board or Planck ? © 


gi 12 in the moving line'to' 15 and#the breadth, on'thefixed 
F line, then look for 18 (the length) in the moving line ; againſt it 
on the fixed is 23.22 pts. ; ſo many foot is contain'd in the Board ar 
Gitogs biooos or: DIE END: - 1-470.0% tet 
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aqpoſe 1 have 4. Board or Plank of 19, inches and $y and 
and, long; ta kpow the Contents of | that Board or- Plank, 


- . 


Slide 12 in the moving line to' 1a and 2, (the: breadth on th 
fix*t, then look for 21 and + (the length) inthe moving line ; a- 
gainſt it on the fixed is 18.92 pts, which is 18 foot 11 inches ; and 
ſo many foot the Board or Plank contains. 
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To Meaſure Solids, whoſe fides are equal. 


Suppoſe a piece, of Timber 16 inches ſquare, and 40 foot long ; How 
many ſquare foot of Timber doth that piece contain ? 


- Slide 12 in the moving line to 16 (the fide of the {quare) on 
the fixed ; then look 30 ( the length) in the moving ; againſt it; on 
the fixed you have 40; the which 40 look for in the moving line, 
and-apainſt it,-on-the fixed; is'53 :-And fo many foot doth that- 
Piece contain. | 


QUESTION 1V. 


Suppoſe a piece of Timber 8 inches ſquare, and 14. foot and + in 
- * length; How. many ſquare feet #s contain'd in this piece*? 


Slide 12 in the moving line to 8 ( the ſquare) on the fixed, and 
look for 14 attd 4 in the moving line, and againſt it on the fixad 
you haye. 9.and 65 pes,' look for this 9.65 in the moving line, .and 
agaigſt it in the fixed-js.:6.45. pts. And-ſo.many foot -is contained 
1n the piece. nk Os | 
= - , If you wauld meaſure, round Timber, you muſt. firſt find the fide 
= of a ſquare equal to the Circumference of your piece, and then work 
AY it, on your Inſtrument as the fquare timber, as in the 34. and 4th. 
= Opel OT POT 200 Ys | m_ 

I might have given-divers Queſtions and Examples concerning 
the Area of a Circle, or irregular Bodies ; but in rogers another 
Treatiſe of the Uſes of this Inſtrument is almoſt ready for the Preſs; 
principally concetning Gentins meaſuring of Solids and Syperficres, 
and will be ſhortly publiſhed, 1 do purpoſely avoid any-more enlarge- 
ment on this” Subject, © ff ET LI OL et 
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. The Uſe of this Inſtrument in 


A. Horizontal Dial, 

F ſuch a Plain which always lieth parallel with the Horizon, and 
&. the Zenith is the Pole ; And the Stiles Elivation muſt be equal to 
the Latitude of the place, and therefore is given according to-the 
DEIET iLennt ood odio nt dn. 
- The Subſtiler Line is always on the Meridiat, or Hour-Line of 
12, being the North and South Line. on oy 
_ Lt the Horizontal Dial be propoſed for the Laticude' 51* '36/ , 
the Canon ſtandeth thus;as the Radius is td the Sine of the Poles Eli- 
yation, ſo is the. Tangent of the Hours in the EquinoCtial, to.the 
LENS INNER. Rn ee Pax 
© Now to work this by your Inſtrament, you muſt have. a ſmall 
brafs Tadex fitted og the Center thereof, that when Sines and 
Tangents muſt-be uſed together, you may by- help of this Index 
( ſo placed as to moye in the Center )- bring the Radius or Tan- 
gent of 45* in a ſtreight Line even with the Radius, or moving 
Sign. of 99*... This belng done, when the Inſtrument is ſet to any 
proportion in Sines, aid required in Tangents, it readily performs © 
and ſerves as a Table for all the Hours diftance from the Subſtiler 
Line; from which you may draw the Projection of your Djal, 

according to this Example : . Oy gy 
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Slide the Radius go, on the moving Sines, to the Poles Elivatio 
51? 30' on the fixed line of Sines ( the Index being one) bring 
the edge of the Tndex to cut the Radins, of moving Sine of go", 
and at the fame time flide 45*, the Radius on the Tangents to the 
edge of the Index, the Inſtrument thus placed, ſerves you as a'Ta- 
ble for all the Hours, half, and quarter Hours, not only for this, 
but all ſorts of North or South Dials, as you ſhall be informed in its 
proper place. " TER” | 
 Andhere'it muſt be Noted, That a Tangent runs but to 45*, and 
therefore this general Rule muſt be obſerved , That when your 
Number requires above 45" upon, the moving Tangent Line, you 
muſt count back again, on the fixed; as againſt 40* yowl ſee 50, and 
againlt 30* you?! ſee 60, and fo for the reſt. 

As the fixed gave you, what was required to 45', now going back 
on the fixed, the moving Tangent gives what 1s required, to go?, 
according to.this. Example. a OT i rp IT PgaR 

_ Look on the moving Tangent for 15*, the firft Hours di- 

- .._ - Tanceon the EquinoQial, and againſt it on the-fix*d” Tan- 
XI &1 gent is 11* 50! the true Honrs diſtance of 11.and 1, from 
- the Subſtiler, then the ſecond Hours diſtance” in theEquino- 
"Aal-is '30*; look for 30" an FDEanoving Tangent, againſt 

XK & 1. it in the-f6ixed is 24* 20, the true Hours diſtance for 19 & 2. 

Then look for 45* on the moving Tangentthethird Hours 
_-.... diftancein the SqyinoV2ls 260) [t-ic on the fixed is 38* 2', 
"IX & ' thetrue Hours diſtance for'9 and 3; now the Tangent run- 
=. Tagen farther, you, muſt. count back again on the fixed 


Tangent, as you counted forward on'the moving. * *. * 

_...» ...., Soif you look for 60? (the fourth Hours diitance onthe 
\..- .EquinoQial ) on the Hxed Tangent, againſtit on the 'mo- 
__._.....Ving Tangent is 53? 35 the trae Hours diftance, for the 
VIIKE FADLA One: £10 ig ane ee cD on be, a. 
INI” -. © The ook for 757, thefifth Hour in the Equinod&al on 


- the. fixed-Tangent, againilt it'on the, moving is'71% 6:'the 
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VIL&V true Hour for 7and 5. . vo no ans Foe dy 
And look for 90® on the fixed Tangent, and againſt it on 

the moving is 90*, which is.in a Hor1zontzF Plain, the'true 

VI _ Hourof 6 inthe Morning, and 6 in the Evening, 
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2. A Horizontal Dial, he Meridian or 12-4 Clock 


Line is the Subſtile, 


Fig. 1, Take ” from your Line of Cords-( which you have 
made on the Index of your Inſtrument ) place une foot of .your Com- 
paſſes at B, and with the other draw the Semicircle AE F.. Then 
take the Latitude of the places as 11 the NNE I. 5$1* 30a and lay 
it from E to G, the Stiles height. 


To draw rhe Howr- Lines of a Horizontal Dial. 


For Xt & I. 


For X & Il. 


For1X &11.. 


For VIE & WL 


ForVI&V. 


gt 


"which will 


Take 11* 50 on the Line of Cords, placing 
_ otte- foot of your Compaſſes in E; and' with the 
other cut the Semicircle on each fide E, and draw 
the Lines 11 and I. 

Take 24* 20' and lay it off on both ſides E, as 
before, and draw the Lines 10 and 2 from the 


"Center'B. 


Take 38* 3' and from E lay it off As before, 
and draw the Hour-Lines of 9 and 3. © 

Take 53*:35 which lay off on both fides'E, as 
above, thenjdrawing yout Lines a-crofs the Cen- 


- terB, fol the Hours of 8 in'the Morning, 


and $-at Ni ght ; and 4 in the Morning, and 4 


+ the Afrernoon;as In the Figures 


Take 71* 6 and lay.it off on each fide of A 


| _and'draw the Moninzs through 'the:Center B, 
gives you the Hours of 7 in the Morning, and-7 
at Night; and: 5 in the Morning, -and 5 at Nizht.. 


Take he wa? Zo 99? of your Line of Copds, 

e-the Line 'of A BF, your Eaſt and 
. Welt Line, and the.6th Hoy nie in the Fiz. and 
-C at Night, and Yau Dial ts 


« 


By 
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Hours . = HET Tas FTA By this Table you may 
Horizontal: bor: france on! draw'the Hour-Lines of. a 
| | - the Plain, | Horizontal Dial for the 


Xt. ____.o wk "Tabs og taken 
I. Quarter, 4, TRE. | ph from the Inſtrument being. 
8 iy quieter/it & I} ſet, as 1s mentioned - after 
| 'xI&1, }r5 SÞi+ 4. 20 the Canon. # 
— qd 5 $2 By the. help of the. fore- 
| _ half [22 37/ going Table, you may at a- 
| y quarter |:5 2] ny time make a Horizontal 
_Xx&ll. |? — Dial with little or no trou- 
[quarter |3 30 ble, or a new Calculation; 
- 2 FT: 25. The firſt Column 1s Quar-. 
2:quarter | if PA: f an 
1x & 1. {15 03] ters,bal Hours,and Hours ; 
b———_—— | —45-- the ſecond Column is Equi- 
| quarter 45 +] 
| - half 151 34] noQial Hours ; the third 
{ 4 quarter 16 37] Column is the Degrees and 
| VIIL& TV. | © —— I! Minutes; for every Hour to 
(quarter {53 _ *7- be taken off your Line. of 
half $i on _ Cords, and ſet on each fide 
2 Way v .. 04 your Subſtile line,and there- 
VU 1 |. by to draw your Hour 
quarter 175 45/1208 he firſt Fi 
half [32 25]. , LInes;, 2s. in the 3 
F op [36 _ 7 
uarter . 02}; Bree |. 
Vik VI. 19 i — ; Note , That the Hour 
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i Line, before 6 in he þ Morn- 

6 at Ni lt, PET q by continuing their op- 

: ing, air a he Center3 as t the -Honr-Line of 7 in the 
® Morning continued, wil be the Hour-Line of 7 in the ys 
3 Ec 


Wo make 4 North: or South \ Dial. dire wright.” 3 1Y = : 


he Horrzental in 
EY TE ttle ference i in theſe Dials from t 
the niaking; but up in the O of the Stile : In the Ge 
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you take the Latitude of the Place from your Line of Cords, and in 
the-North and South Dials you muſt take the Complement of your 
Latitude ( fo what degrees and minutes is more than your Latitude) 
to 90?, where the Latitude is 51” 30, the Complement is 38* zo , 
and the Proportion for the Hours diſtance may be thus found (as in 
the former-),. ©] HO TR 
- Asthe Radins or Sine of 90? is to the Coſine of the Latitude 38* 
30', ſo isthe Tangent of any EquinoCtial Hour given, to the/Tan- 
gent of your Hour required from the Subſtile. - . | 
. Slide the Radius or: Sine of 90? on the. moving Sines to 38? 3o', 
the Coſine of the Latitude 51" 30 on the fixed, and mcve the Index 
over the ſliding Sines to ge*, flidethe Tangent of 45* on: the mo- 
ving Tangent alſo, to the Index, till it lie ſtrait with the moving 
Sine of 90*; and: your Inſtrument being thus ſet, ſerves you as a 
Table to tell you all the degrees and minutes:which you mult take off 
your Line of Cords for the diſtance of every Hour, as you did on: 
the Horizontal Dial, in the firſt Figure. EE. + 
Fig. 2, Having taught you how to find the Degrees and Minutes, . 
and your Inſtrument being thus ſet; you muſt take 60? from-your Line 
of; Cords, and placing one foot of your Compaſſes in the Center L, 
and there'/with, draw the Semicircle E D K, then take 38* 30' the 
Complement of your Latitude, and where your Meridian interſe&s. 
the ſaid Arch as at D, place one foot of your Compaſſes, and with 
the other cut the. Arch DE at M, and draw the Line LM, which 
is the height of the Stile 3 'ghen mark off yaur Hours on the Semi- 
circle, and draw the Hour-Lines as you were taught inthe firſt Fi- 
gure z ,or make you a Table from the Inſtrument, which will be rea- 
dy at all times to-make a'direct. South Dial, with much eaſe ;; and 
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therefore Thave incerted. the Table for this alſo, 
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TL ed 3 direct North | This Table is explained 


| " ” 
econ Dit. |" by the Inſtrument, as in 
| —— =, - |: Herizontat-Diats, thus : 
© IFTLEIEE x Hours Honrs | T; 152: the firſt E; ul- 
'. Hours. {*qurnoctial.\diſtance "on 90k 15 q 


che Plain, | PoQtial Hour, 'in the mio- 
nm iminbnn] nnbpnnnt ———— ving Tangent, and againſt 
7M XII 190 OC D'S. Oc 7 | ON Sa i | : 
en inn = IK on the a , Art 
« Vaſt 9* 28 , wiltch 1s for the 
[et 31% #1 RoarKtandt: Then took 
-KM&>::- 6 1.5 o| _ 25 for 90? the ſecond: Hours 
quarter "Thi : $4 diſtance , on the moving 
25} Tangent, agamft it in the 
4 fixed is-19* 45, which is 
35]. 45*-on the moving, and a- 
| 32] "xd S.:: 8! + - » +05 
Wn nl bt alas >= © 58 gainſt it 1n the fixed, is 
Wal 114. © or | © an Se; Ther Egurs fa TX 
[7 quarter 1s as 24 dll; and' now the 'mo- 


bers; Neon Line runs no 
further, you muſt*go*back 
2. 'again on the fixed Line, as 
© you were directed in the 
2:1 Horizontal Dial; andlook 

. .-- 72} For- 66, ont the fixed Tan- 
-——|:- petit, and againft it on the 
53/*: moring/you have 45" 9, 
of which is the hours for VIII 
6d] - and-IV.- Then look: for 
| | Ss 75? 00 on the. fixed, the 

. __ 8th (EquinoCtial Hour) againſt it on the moving Tangent, you 
-_  have66* 42' the hours VII and V, and againſt go?, you have 9o?, 

' which is the hours of VI and VI; and at the ſame time, you may 

find the true diſtance for every quarter of ati Hour : It is but to al- 

low 3* 45' the quarter, part of 15%; for half an Hour, 4* 3o' the 

* __ half of 15*, and ſo proportiouable for 3 quarters. . 
 _. This Table is fo plain, that it would be but to waſte time and 
Paper, to trouble you with any more Diſcription of the Uſes. 
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Note, That every EquinoCtial Hour 1s 5%, and every Depree- 4 
Minutes, as in the ſecond Column, which 1s uſed always in the Ca- 
non, with the Poles Elivation, to had the true Hour required. 
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Of apright Declining Dials for any Lati:ude. 

_ ” It was ſufficient in making either of the forementioned Dials, to 
know the Latitude of the Pace, for which the Dial was intended ; 
 butin all Declining Dials, you. muſt know the quantity of its De- 
 clination, or the point from which it doth Decline. And it is alſo 
neceſſary, that beſides theſe things given, 'four other things muſt be 

known; before you can proceed to.Draw: your-Dial. | 
The firſt is your Subſtile Line, or diſtance of the Stile from the 
\ 12 a Clack-Line; the ſecond 1s the height of the. Stile, or the Eli-, 
vation of the Pole above the Plain ;' the third is the Angle of Incli-. 
nation, between the meridian of the Place, and the meridian of the 
Plain ( commonly called the Plains difference, of Longitude; ) the 
fourth-is the Angles which each Hour maketh' with the Subſtile, 
- the which you are hereby taught to tind, both by Arithmatical Cal- 
culation, and by this Inſtrument, as alſo by the Tables.of Artificial 
Sines and Tangents. aff vel oy | 
Suppoſe two Dials be required, the Latitude 51* 30', one decli- 
ning 45? tothe Eaſt, and the other 45 declining to the Welt ; theſe 
two being joyfied on a ſquare body of Wood, or Stone. at right 
Angles, the South declining Eaſtward, ſheweth. all the Mornjhg 
Hours until 2 of the Clock, and the South declining Weſtward, 
from 10 in the Morning un:1l Sun-ſet, and the Corner or Angle be- 
tween both, points dircQly to the South. fe 4 
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Firſt, To find the diſtance of the Subſtile from the _ 


Meridian, or 12 a Clock-Line. 


The Canon 1s thus, 


As the Raidius, or Sine of go. 10, 00000 
is to the Sine of the Plains declination 45%00' ©», 84948 


Sois the Tangent Complement of the Lati.ude 38* 30 9g, 90060. 
'to the Tangent 29® 22. which is the diſtanceof the 8, 
 SubKile from the Meridian I, 9, 75008 


Bbb Second, 
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Second, To find the height of the Pole or Stile above the Plain. 


The Canon is thus, 


As the Radius, or Sine of go : IO, 00000 


is to the Sine Complement of the Latitude 38* 3o' 9, 79414 


$0 is the Sine Complement of the Plains declination 45 00 9, 84948 


to the Sine 26® 7 which is the height of the Stile 
above the .Plain | Ft, 9, 64362 


Third,, T's find the Angle of Inclination, berween the Meridian 
of the Place,” andthe Meridian of the Plain. 


The Canon 1s thus, : 


'As the Sine Complement of the Latitude 38* 30 29% 79414 


is to the Radius or Sine go HRT ek 9, IO, ©0000. 
$0.is the Sine of the Subſtiles Uiſtance from the meri- 9, 69054 
| | 2443 88 Hehe ht FOES CITES, OF TRI | 


Or fOPe "1, 9469054- 
tothe Sine of 51-58. : 9, 89640 


Which is the ſnclination betweenthe two Meridians required, 
Theſe three Canons are performed by the Inſtrument thus, 
The Firſt, To find the Stiles di ſtance from the Meridian. : 


+ Slide the Radius or Sine of .99, on the moving Sine, to the Sine 
of 43 oo onthefix2d, the Sine. of the plains Declination, then 


bring the Index till it cut the moving Sine of 90® oo', and fide th 
moving Tangent till the Radivs: 45* cut the edpe of the Index in a 


{treight Line, with the Sine of 90: The Inſtrument being thus ſer, 
look for.38*-30 (the Complement of the Latitude ) on the mo- 
ving Iangent, againſt it on the hxed Tangent-is 29® 22', whictis 
the Subſtiles diſtance from the meridian required. 2 


FheSecond, To find the height of the Stile above the Plain. 


Slide the Radius or Sine of 90, on the moving Sines to the Sine 
of 38" 30 (the Complement)- on the fixed Sines, then look for 
a5* on the moving Sines ( which is the Complement of your Plains 
Declination ) againſt ir on the fixed Sines you have! 26* 07', which 
3s the height of your Stile required. - pes 
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The Third, To find the Avgle: of Inclination between tho Meridian © 


of the Place, and Mer idian of the Plain. 


Slide for the Complement of the Latitude 38* 3o', on the moving 
Sines to-the Radins, | ot. Sine of-90, on the fixed Sines, then look for 
29* 22' the Subſtiles diſtance from the meridian, on the moving 
Sines, and againſt ic on the fixed Sines Is 51” 58', which 1s the In 
clination,- or diff:rence of Longitude between the two meridians 
required. And therefore I ſhall here direct you how to make a Ta- 


ble of EquinoCtial Hours, which are always firſt 
. true Angle that each Hour makes with 
 ,,To makethe Table thus, |: 7 : ©: 


41n all declining Plains. 


given to find the 
the Subſtile. 


\ 
——  ———_—  ————ﬀ 


The Plains Inclination of | A Table for a South Plaindeclining | 
meridians, or diff-rence of | 45* Eaſt, and'45* to the Welt : 2 
Longitude being found: to: | - - Latitude :$1% 30's. if. 1 
be 51” 58, place itagainit [The Jiſtance of the Subſtile 29” 22} 
the Hour Line of 12-,/ 25 | The height of the Stile © 26* o71 
you ſee in. the Table; and. |The Jnclination of metidians or Plains 
from this areall your Equl- | gifference of Longitude Fi? 58' 
nocilal Hours found in D&-: | Hours for” [EquinoCtial \ Hours on | 
grees and Minutes, from |. ora” iter Biato 
the Hours of 12 and 12, |= < en mmm nn 
51* 58'; in the Table [Þ @ Deg: Me Deg. M. 
downwards, you muſt: add [=== EIB, oi 
Ss O08 - | a” LA. ) . 04,74 24 
15 tO, and it makes.66 [rv Vi. 6% '02 "3G 
58, which is the Equino- | 1 YC HC 
Gal. Hours off r..to..;be +2 FF 453. 2 14,03 
Eaſt, and 11 in the Weſt |_V! 135, "2 2849 -- 11:08 
pk; "then adding 159 | VIV. [23 ___2jw 35. 
tore to the 66* 58' and-jt | VI IV los 0210} ___ 38 
zkes 81? 58, which is | The Place of the Subſtile. 
-the Equinoctial Hours for | IX 11 [os  T$8ſ03 To; 
21ntheEaſt, and 10 ia the Eo _—_—— 
Weſt Dial, as-you ſee in 36 a t 136: 740018 - = 
the Lable. PEAS 3 © BT GER Sl” 
The next” thing 180 EIT —=— . 
know, between what hours tr C—_— — DX. 
your Subſtile Line will fall {I X _*: _58172 12) 
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When you have ſound the Plains Inclination of meridians, or 
difference.of Longitude, which is .in- all Decliners, placed'as inthe 
Table againſt the Hour Line of 32. | | 


CES ' a 
_ I. 15 et ied vn. Rand. "ah. an. of 
india nn Ow — i 


Then divide the Plains Inchnation of meridians, being 51* 585 
© 7 2 (6 


pleat' Hours, 6? and 58 over, which ſhews that three Hours from 
i2aCleck; and the 6* 58 over, being leſs then 15*, an Equino- 

1. Rial Hour ; tells me, that the Subſtile Line will fall between the 
Hours of 8 and 9 in the Eaſt, and 4 and 3 in the Weſt decliner. 


The 6? 58', place it againſt the Hours of 9 in the Eaſt, and 3 in- 


| the Weſt, as in the Table; and then ſubſtraQ that 6*58' from 


B 


. 15? 00 thus, 
6 58 


. 


hondes 8$- 02 which youmuſt place againſt the Hours $ and 4. 


ow the Hours between which your Subſtile falls, being found, by 


padding 15* tothe EquinoQtial Hours,above 8 and 4.,and below 9 and 
: 13, tothe lower end of the Table.2 and 10. For Example, 
| Againſt the Hours g/and 3, is found 6* 58", by adding 15? to it, 
makes 21* 58', the Hours of 10 and 2; then add 15 more to the 
'21*-538', makes 36* 58 the Hours. of 11and 1; then add 15*to 
'36* 58", jt makes 51* 58, which 1s the number of Degrees before 


given for the Plains difference of Longitude, or Inclination of me- 


Tidians. Then by adding 15* to that 51* 58', makes 66* 58' for 
;the Hours of 1 in the Faft, and 11 in the Weſt Decliner, and ſo 
'down to the next. Now as you added below your Subſtile, you 
muſt add in the ſame manner above; for Example, To the Hours of 


$ and 4, you have 8* £2 , to this add 15”, it makes 23* 02', which 
is the Hours of 7 in the Eaſt, and F 1n the Weſt Dial, which you. 
muſt continue adding of 15* to the upper end of your Table. 


d 
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The Fourth and laſt thing to be found, is, The Angle that each 
| Hour makes with the Subſtile, by the Table of Sines 
and T angents, and alſo by the Inſtrument. 


| The Canon of the firſt Hour from the Subſtile, is thus,, 


As the Radius or Sine of g0 . 10, 00000 
1s to the Sine of 26* 07 the height of the Stile or ne 
Pole above the Plain | 9, 64365 

So is the Tangent of the next EquinoCtial Hours di-' 
£ | 9, 08705 


ſtance to the Subſtile 6 58', -being the Hour 
_ of 9 intheEaſt, and 3 in the Weſt 


to the Tangent of 3* og which is the true diſtance i 
from.the Subſltile Line for the Hour of 9 onp 4, 8, 7307S 
'the Eaſt, and 3 on the Weſt 


| ng tgcnnrvoatnesrro=— a. . 


The Canon of the ſecond Hour from the Subſtile,: is thus, 


As the Sine of go | © 10, 00008. 

is tothe Sine of 26* 07 the height of the Pole 9, 64365 

So is the Tangent of 21* 58' being the ſecond Equino- ws 
- Qtial Hours diſtance q,. 60534 

- to the Tangent of 10? 03 the true diſtanee of the 6 14 > el 
Hours of 10and z from the Subftile * _þ, 9, 24896_ 

The Canon of the third Hours diſtance below the Subſtie.. 
As the Radius or Sine of go | 10. Coo00 
is to the Sine of 26* 07' the height of the Pole "9 64365, 


So is the Tangent of 36* 58', being the third Equi- 

noCtial Hours diſtance OTE 

to the Tangent of 18*,20' being the diſtance from &, 9, 53023. 
the Subſtile, for the Hours 11 and 1. ey: 


This general Canon is the ſame, to find all the reſt of the Hours,, 
as the Radius or Sine of 90 Is to the Sine of the Poles height, fo is, 
the Tangent of any Equinoctial Hout, given to the Tangent of any 
-Nours diſtance from the Subſtyle required. mr age rung ee 


Fo 


To work the ſame by the Infirument., ; 


You wuſt carefully obſerve; that on this Inſtrument there is a 
Tangent, and alſo a Sine,. which begins at one Degree, and goeth 
to 6'Degrees, and endeth a little beyond the Sine of go ; and the 
Tangent of '45; as you will ſee on the Inſtrument ; and the Sine,we 
will call the middle Sine, and the Tangent the middle Tangent ; 
becauſe they are only of uſe when the Tangent. or Sine required, is 
under. 6*; which will be tn this Dial,in the two Hours next the Sub- 
Ttile: As this Example ſhews you. 3 


The Canon is thus, 


As the Radius or Sine of go | 
is to the Sine of the Pole or Stiles height above the Plain 26? o7' 
So is the Tangent of any Equinactial Hours diſtance to the Tangent 

_ ©.of thetrue Hour required. 


—e 


_ Slide the Radius or Sine of 90, on the moving Sines to the Sine 
of 26? 07' the ſtiles height, on the fixed, and bring the)Index 
ko cut the ſliding Sine of 90; then ſlide the Radius or Tangent of 
4.5 deg. to cut the edge of the Index, till both come on a ſtreight 
Line, on the-moving Sine. Thenſtrument being thus placed, gives 
you all the Hours diſtances for your Dial. | 

- For the firſt Houts diſtance from your Subſtile, look 6? 58' on 
the-moving Tangent, ( the firſt EquinoCtial Hours-diſtance from * 
'the Subſtiler ) againſt it on the middle fixed Tangent is 3* 50', 
for hour 9g and 3. Then look for 8* o2' on the moving Tangent 

"(being the next EquinoCtial Hour for the other fide of your Sub- 
_ Aller) agaiaſt it on the middle fixed Tangent is 3? 33', the true 
Hour far 8 on the Eaſt, and 4 on your Weft Dial. Now you have 
No more uſe of the middle Tangent in this Dial, becauſe all the 
'Telt of the Hours reach, beyond 6 deg. and fall on the.Inſtrument as 
In the direct South Dial before mentioned, without altering the 
Inſtrument from what *cwas ficſt ſet too ; but. when you come to 
uſe the moving Tangent beyond 45, you. mult count back again on 
the fixed,as you were then tzught; ſothat when you look for 23% 02' 
the next EquinoCtial Hour, on the moving Tangent, againſt it on 
'the fixed Tangent is 10? 35, which :is the true Hour ren 
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Inſtrument in Dpalling. - 39 
Then look for 38* 02, the next EquinoCtial Rour-on the moving 
Tangent, againſt it on the fixedis 19* 00, the true Hour required 
for 6 in the Eaſt, and 6 on the Weſt Dial, Then look for 21? 58: 
the EquinoCtial Hour on the moving Tangent, againſt it 1n the fixed: 
is 104.03 m., the true Hours diſtance of 10 on the Eaſt, and 2 on 
your Weſt Dial. Then look for 36d. 58 m. on the moving Tan= 
gent, being the m—enD Hours diſtance. for 11 on the Eaſt; and | 
1 on the Weſt Dial; againſt it on the fixed Tangent 18 d. 2o0m.. 
the true Hour required, | W:;- 

Note, That all the reſt of the EquinoRial Hour diſtances will fall: 
out. to be more than the Radius or Tangent of 45. Therefore,as you 
looked for your Equinoctial Hours diſtance, before on the moving 
Tangent , now you mult reckon backwards on the fixed, and the: 
moving Tangent pives your true Hours diſtance, as the fixed did 
before : For you muſt Note, that the Inſtrument is Graduated and. 
Figured back again to 90, as you find on the Inftrument, againſt 4a 
is 50, againſt 30 is 60, againſt 20 is 70, againſt. 10 is $0, and 
ſo $1 82, in ſingle Numbers to 9o*# therefore if you look back 
on the fixed Tangent for 83 d. 02 m. the EquinoCtial Hour, againſt. 
it on the moving Tangent is 74d. 29 m., which is the true Hour 
for 3 en the Eaſt Dial, and 9 on the Weſt : then Took for 68d. o2 m. 
in the fixed Tangent, againſt it on the moving is 47d. 29 m. the 
true Hours of 4 in tte Eaſt, ad 8 on the Weſt Dial; And thus you 
may. da for the reſt of your Hours in the Table. 


To draw'a South Dial declining 45d. oom. tothe Eaſt, 


Fig. 3, Draw upon your Plain the Horizontal Line A B,and Ict f;B} 

a perpendicular from C to P; for the Meridian or Hour. Live of 12, 
then with 60d. cf your Line of Cords, ſet:ing one foot of. your 
Compaſſes in the Center C, and diſcribe the Circle ASB, then 
laying your Table before you, and look for the diſtance of the. Sub- 
ſtile from the Meridian, which is 29 d. 22 m. and take the ſatne from 
the Line of Cords, and lay it off from Sto D, if the Plain decline 
Faſtward,. or from Sto X, if the Plain decline to the Weſt: then: 
draw the Line CD, for Subſt ler Line ; and finding thar the height 
of the Stile is 26d. 07 m, take it from your Line of Cords, and Joy - 
from D.to E; and draw the Line C E, the height of the S.ite ; and 
ſeeing the Hour Line of 9 on the Eaſt declining Plain is 3 d..o5 tm... 
( the like is fora Well decliner ) which 3 d. os m. take from vour 
"a | ES | IRS - © 
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Line of Cords, and ſet it from D tog, and draw the Line C 9g. 
which-1is the Hour of 1X; then take 10d. c23.m. and lay it off as 
before from D to 10, and draw the Line C 10, which 1s the Hour 

_ of X: thus taking all your diſtances from- your Table on the Line 


of Cords, lay them oF on both ſides your Subſtile, and they repre- 


ſent the tru2 Hour Lines, as you ſee in the Table. 


Note, That your Stile ſtanding vpon the Subſtile Line, 1s cliva= 
ted above The Plain 25 d. 07 m. being equal to the Angle -E C D. 


Fig. 4- The Weſt declining Dial is the ſame with the Eaſt deeli- 
ner, only the Subſtile muſt ſtand on the other ſide of the Meridian, 


or Hour: Line of 12; andthe Hours muſt be changed all except the 


12th, XlontheEaſt will beI in the Weſt; X on the Eaſt will be . 
II onthe Weſt; IX on the Eaſt, will be 111 on the Weſt; VIII on 
the' Faſt, will be IV on the Weſt; and fo for the reſt, as you 
may {ce by the Figure. NIERS, | 

For-as much as1t might be expeRed I ſhould proceed firiher in 


Dialling, I ſhall give ſome Rules for making of an Eaſt and Weſt 


Dial, and alſo for Reclining and Inclining Dials. 
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To make an Eaft or Vet Dial. 
Fig. 5. Theſe Dials Plain, lying in the very plain of the Meridian 


Circle, in which the Poles of the World are placed, therefore. nei- 


ther of ' the Poles can have any Elivation upon them : And for this 
Reaſon, The Hour Lines make no Angle at the Pole, and therefore - 
the Hour Lines do not meet 1n a Center, but are all Parallel one to 
the other ; ſo that in theſe Dials, there needs no Arithmztical Cal- 


 culation, it ſhall be performed only by Geometical Demonſtration, 


a$in the Figure. 
_*L& ABCD beyourPlain, on, which you will draw a dire Eaſt 
or Weſt Dial: Firſt, Put the Point C: in the Jower Corner, if an 
Eaſt D1aJ, or from the Point D, if on a, Weſt Nial, diſcribe an 
Arch of 60 d. off the Line of Cords, placing one foot on the Cen- 
ter C, and with it ſtrike the ArchE F F; and from the Line of 
Corcs, take the Complement of the Lati-ude 38 d. 3o m. which 
Is alſo the Elivation of the EquinoCtial Circle above the Horizon, 
ſet this diſtance from E io F, and draw the Line CF quite through 
"Tac Plain, whick Line repreſents the EquinoQial Circle. # 
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For the. proportion of your Stile .to the Plain, that the Hours 
may be at a convenient diſtance one from another, I chuſe two 
Points in EquinoGtial Line, as in the Figure ; one at G, which is 
the Hour of 11 in the Eaſt, or ons in the Weſt Dial; the point 
at. the upper end of the EquinoCtial Line at H, is the Hours of 6 
and 6; through the two points G. H, draw two: Lines at Right 
Angles to the Equinoctial, which is the Hours of 11 and 6; then 
from the point G with 60, of your Line of Cords, draw the Arch 
below the EquinoGCtial Line I K, and take 15? of the ſame Line of 
Cords, and lay it off from Ito K, and draw the obſcure Line G K, 
to cut the Hour Line of 6-1in thepointL., ſo ſhall the diſtance L H, 
be the height of the Stile ; then with 60? of your Line of Cords, 
ſet one ſoot of your Compaſſes in L, and with the other deſcribe 
the Arch M N, between the hour Line of 57, and the'Line GL, and 
divide the Arch MN 1nto 5 equal parts; which is done by taking 
15% from your Line of Cords, as at theſe 00000 in the Figure, 
then lay a Ruler from L, to cach of thoſe marks, and the Ruler 
will cut-the Equinoctial Line CH, in theſe warks -*** *, through 
marks draw Line parallel to the hour Line of 6; as the Line VII ®_ 
VII, VIII *-VHL, IX * IR, X* X, which repreſents the true hour 
Lines. of an Eaſt-Dial, from 6 to 11 in the:mornivg. For the 
other two Hours before 6 in the 'morning, take the ſame diſtance 
on the EquinoC@iaÞ>Eine, between the Hours 6 and 7, the diſtance 
| between 7and's, and lay them off on the EquinoCtial Line from H 
upwards, and draw theſe Lines parallel to the 6 a Clock Line, and 
they will be the Hour.Lines of 5 and 4 inthe morning. ; 

For the Stile of theſe Dials, it may be either an Iron Pin or 
Wyer, the length mult be the diſtance between the Hour Lines of 
6-and' 9, which May be fxed 1A the point H, or ſome other in the 
6 a Clock Line, and ſtand perpendicular to the Plain; or which 
is much better, a Plate of Copper of the ſame height, fixed on the 
ſame Hour Line of 6, and then your Dial is finiſhed, 


To make a Weſt Dial, 
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F;;, 6. Thz Opperation is the ſame, as you have been taught 
in the Eaſt Dial, with this difference, That you muſt draw your 
EquinoCtial Line from the Center D, and -work in every reſpect 
as. you did before, only in the Hours ; that which is 11 in the Eaſt 
Dial, muſt be 1 in-the Weſt, for to will be 2, and g will be 3, and 
BS CCC | ' 8 will 
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s will be 4 and 7 will "_ſ 3. -a- -Clock ; .and » for the. reſt as you 
were __ inthe __ Dial. * | 
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£q" Draw Eaſt or Weſt Reclining: ad” 
Inclining Dials.. 


Tz beſt way is-to refer them-to.a new. Latitude; that ſo: they 
may become an upright Declining Plain: Which you may 
know thus;. 

"The New Latitude will always be the ſame with the Complement 
of the Latitude in which the Plain-Reclineth, and.the.new Decli- 
nation in that. new .Latitude , will-be always the ſame. with the 
Gomp lement of. the Plains Reclination ; ſo that in the Latitude of 
5F, 39', if an Eaſt.or Weſt, Plain ſhould Recline from the Zenith 

" and y you would know in what Latitude-that Dial ſhall be an 
Upright Declining Plain, then Note, . That the New Latitude is 
38? 30 which} Is the Complement of the Old Latitude z the new 
Declination is-55* o9, the Com lement. of- 35, 00 the- Phains 
"Reclination. So if you make an Upright Dial b Y- the foregoing 
Rules,. for the Latitude of 38* 3o', declining 55* 00', that Dial 
will hea t true Dial for. an Eaſt or Weſt Plain, that Reclineth 35”: 

' Ia the Latitude of '51* 30', on this you muſt obſerve, that in all 

Upright Declining Plains, the Hour Line.of 12 is. a Perpendicular, 
or Plumb Line, ſo the Hour. Line of 12 in all Eaſt and Weſt,: Re- 
clining and Igclining Plains,. will:be a level or Horizontal Line, as 
the Line of 6-4 Clock is in a North or South Plain :- And you mult 
alſo obſerve, that the Stiles of all Eaſt and Weſt Reclining Plains 
muſt point upward, towards. the North Pole in North Latitude ;. 

and the Stile of all Eaſt and Weſt Inclinjng Plains will point down- 
| ward J00zrdst the South Pole, _ 
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: Inffrument in Dialling, | 


To make Dire&- South Reclining and North - 
Inclining Dials. 
TOr drawing of Hour Lines on theſe Plains, they muſt: alſobe 
+ referred to a New Latitude, in which they may become Hori- 
-Zontal Plains:z and'is thus. performed, If the Reclination be leſs 
than the Complement of your known Latitude, then ſubſtra your 
-Reclination from the Complement of your known Latitude ; the 


' * Remainder is your New Latitude required. As for Example, 


A direct South Plain for the La.itude of -51* '30-, Reclining 18?, 
will be a' Horizontal Dial, for. the Latitude of 20? 30', which*is 
the New Latitude - So-that if you make a Horizontal - Dial, as you 
| have been tanght for the Latitude of 20" 20, it will be a Direct 

South Plain Reclining 18? oo for the Latitude of 51* go”. : 

- Here itmuſt be Noted, That when the Reclination of a South 
Plain, is greater than the Complement of your Latitude, then 
you- muſt ſubſtra& the Complement of the Latitude from your 
Plains Reclination, and the-Remainder is- the New Latitude, As 
_ Je 4 

A South Pain for the Latitude of 51d. 30 m. which Reclines 
65d. 30m, will be a Horizontal Dial for the Latitude of 29d. 
com. for if you ſubſtrat 38d. 30m. the Complement of your 
Latitude from 65 d. :30 tn. the Plains Reclination, the Remainder 
is 27d. oom. fo that a Horizontal Dial made for the Latitude 
of 27d. oo m. will ſerve for a South Plain Reclining $5 d. 30m. 
in -the Latitude of 51 d. 30m. If theReclination of a Sou:h Plain 
be equal-to the Complement of the given-Latitude, then doth ſach 
a Plain lie direQly in the.prime Vertual Circle, -and'is parallel to 
the Axisof the World, and hath no-Latitude, therefore the Pole 

hath no Elivation.. | wee | 

A Dial on ſuch a Plain, muſt be made in all reſpeRts as you 
-make an Eaſt or Weſt-Dial, only the Hour of 6._in the Eaſt or Weſt 
Dial, will be the Hour Line of 12 in this, and the EquinoCtial Line 
-inthis will be the ſame the Horizontal Line ; and the height ( or 
Tather the breadth )) of the Stile, will be equal to the diftance thar 
-1s-between the Hour Line of 12, 'or 9 and 3. Y 
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Note, That North Idining Dials, are the ſame with the South 
Recliner, being oppoſite to them ,-only the Figures of the Hours 
muſt be altered; and for the Stile, if the North Pole be Elivated 
upon the Recliner, the South Pole will be Elivated on the Inclining 
Plain, being oppoſie thereunto. . ; 


7 Ut. you muſt remember, that North Incliners and South Inclz- 
E. d ners, are in this contrary to the former. whereof :I ſhall 
give you this Example: By a dire&t North Reclining; : atid South... 
Inclining-Plain; theſe Dials muſt be referred to a New Latitnde, 
where they. may become Horizontal as the former , and 1 o thus 
performed : 

"Add the Complement. of the Latitude, and the Reclinativn. of ” 
the Plain together, the produtt is the New Latitude. In the La- 
tirade of 51 d. 30 m.-a North Phan reclining 184. will, be # Ho- . 
rizontal Plain for the Latitude of 56d. 30m. ; .for if you -d4dd®- 
384. 30 m. rhe Complement of the Latitude to 18d: oo m. the - 
Reclination, the product is 56d. 30 m. ſo that a Horizontal made. 
for the Latitude of 56d. 4s m. will bea North Recliner, or Sonth 

Incliner forthe Latitude of 51d: 30 m. 

Bat when the Complement of the given Latitude; and thePlins 
Reclination do exceed god: being added together , and ſabſtra- 
Cted for 180, the Remainder is your New Latitude. A North 
plain in the-Latirude of 51d. 3@ m. Reclining 65 d. 30m. will be. 
a Horizontal Dial in the Latitude of 76d. oom, for if: you add 
33. 4. 20 m. the Complement, the Iatitude to 6x d. 30 m. t the- 
plains Reclination, thei ſum” is 1 04. , which being above 906, ſyb- 
ſtrat it from 180, the Remainder is: 76 d. co m:., fo that a Ho- 
rizortsl Dial for the Latitude of 76 d; 65 m: will a North Recli- - 

ning Dial 65d. 3om. or a South Inclining Dial for the Latitude - 
of 5 id, 30m. 

If the Reclination of the North oth be-equal. to- the Tatitude-: 
of the place 51d. 30.m: as in this CE the! thed the Reclination-- 
of. the plain, and. the Complement of the Latityde- being added, 
mak2s 90 for your New Latitude ; ſo then ſuck a plain- will lie. 
Parallel to the EquinocLial. 4n. the. Sphear z and to: make..a Diat © ONn-., 
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ſucha plain, you have' no more to do. but to divide a Circle into 
24 equal parts, and drawing lines from the Center to each of - 
thoſe parts; will be the true Hour lines for ſuch a Reclining plain ; = 
and for your Stile, *tis no'more buta ſtreight Wyer or pin, ſet up - = 
jn the Center of, the Circle, and your Dial is compleat» I 
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How to find the Declination of any Plain by the Suns Azimuth - 
' "from the South, and the Horizontal diſtance. 
from the Pole of the Plain. 

This may be performed by-a'Quadrant; ii-cHis* manner :..Apply - 
one ſide of a Quadrant/to'the-plain, holding it (as near as you : 
can ). patallel to ' the Horizon, then hold 'vp a third, . with a - 
Plummet at the end thereof , by- the limb of the Quadrant, tilt. 
the ſhadow of the-third..paſs through the Centet of the Quadrant; . 
and then obſerve what Degrees the ſhadow of the third catteth. bk 
- ( accounting them from that-fide of the, Quadrant, which is per- - i 
pendicular to the-Plain ), for thoſe. Degrees, and. the Horizontal * 'Y 
Diſtance. )-— At the fame time (as near as May be) take the R 
Suns Alrituae, and from thence, find he Azzmth : theſe things . 

_ thus attained, will give you the Plains Declination; and by the - 

Rules following, the _Coaft towards. which the Plain declineth, : 
whether fron the North Gr Sorth. tors either Eaſt.or Weſt... 
from whence all. Decl;nations ave accounted ,, and - muſt never ex- _- 


ceed 90 Degrees. . 


'By A. M: underſtand before Noo), ;and by P. M. Afternoon; . 
&c, by Azim. Azimuth. i | wt 


If you take the Horizontal 'diftnce- by a Quadrant, ,and a 
Thred and Planets account that fide with Si2hts, the Right-hand- 
ſide, andtheother ithe Left, and-either of theſe being pefpendi- 
cular to the Plain, account the right or lefe/ſhadow- fram the. faid: 
perpendicular fide, &. | _ 
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Here re flaw all the Varieties that can happen. 


£8 
FX 


OR -Frvin thi AM Alm ſubſtrat} 1&fe ſhadow, 
To the A M, Azim. add right ſhadow, 
S E. < Fromthe ÞP M right ſhadow, ſubſtract Azim. 
FJ Andit gives the Degree of Declination of a Plain dedi- 
"ning South-Ealt. 


-C 2. From A M left ſhadow ſubſtratt the Axim. 
\...* JTothePM Axim. add left ſhadow, or 

To the FM Axzim. ſubſtratt right ſhadow, _ 

And a have the Declination of a South Weſt _m_ 


If they exceed go Degrees, I - 


'3. Then tothe A M Azim. add right ſhadow, and ſub- 
duct their Sum from 180 Degrees. | 
But if above 180 Degrees, | 
To theP M.4zim. add left ſhadow , and deduct 1$o d. 
from it, and in both theſe Caſes, you have the De- 
* grees of Declination of. a North. Eaſt plain. 


' 4+ To theP M Azim, add left ſhadow, and ſubdu& 

their Sum from 180d. if above god. or to the AM 

NW Axim,add right ſhadow and deduct 180 therefrom, 

. and in theſe Caſes you have - the re ont of a 
North Welt plain 


5. If the A M Axim. and left ſhadow "PTR added be 
” oſt god. or if from AM Azizs. you ſubſtraCt right 
ſhadow and there remain my d. tis then an exact 
Eaſt plain, 


6. If from PM Azim. you ſubſtratt left ſhadow, and 
' there remains 9o, orif toP M Azsm. you add right 
' ſhadow and itmake go, this is "Or plain. 
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of ; —Fntrument| in Dialling,” | 
4. x” 7; If- at any time before or after Noon you: ſubſtract + 


right or left ſhadow from the Azim.and there roman: 
ood, 00 m- *tis.then a full South plain. 


8: If at any time right. or left ſhadow be added to the. Azime: - 
and it amounts to 180.d. then 'tis afull North plain, and * 
theſe. are all the Varieties that can happen intaking the - 
Declination. Sttuation, or Poſition, -of -any plain that 
is Vertical ; the Inclination and Reclination is moſ- 
eaſily taken by a Quadrant .and Ruler, well TOON to+: 
moſt Artificers: | 
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Theſe Faults in'the Uſe -of - | Emcyclologinm, having. alſo : eſcaped*® 
the Preſs; you are deſired_to-CorreCt as you meet them..in- your: 


_ Reading, - : 


PAg: 4. Line 14, f r moving, Read fixed, p <2. for 340, I, product 3405... 
| 1 1 I. þ If for moving, I, fixed, Pe I ls: Þ i. wa Is moving; "n I 2. |. Ys * » \ 

for 15 45, 0. 26 SIP» 13+ I. 15, for4h. 4? ms. I. 4 hy, 42 Me... Ps J 3» 1,47: for- 

O 12.» I, 048 Ms P+ 13+, 1. 1; for 0 48,0 12M... 


* Tnthe Title Page of the Triangular Canon of Artificial Sines and# 
Tangents, for Suppl Jn the Uſe of SINE S , read Supplyzng ther; 
Uſe of SEC AN _— 


or 
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